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RELATIVE WATER REQUIREMENT OF PLANTS 


By Lyman J. Briccs, Biophysicist in Charge, Biophysical Investigations, and H. L. 
SHantz, Plant Physiologist, Alkali and Drought Resistant Plant Investigaticns, 
Bureau of Plant Industry 


INTRODUCTION 


The marked differences in the quantity of water required by different 
species of plants for the production of a given weight of dry matter when 
grown under the same environmental conditions is a matter of scientific 
interest and of great economic importance in regions of limited water sup- 
ply. The measurements which have heretofore been made have for the 
most part been limited to a few species and have been carried out under 
such varied environmental conditions that comparison is difficult. The 
writers have therefore undertaken the measurement of the water require- 
ment of representative species and varieties of the principal crop plants, 
grown at the same place and under as nearly uniform conditions as to time 
as the temperature requirement and life history of the different crops will 
permit. The first series of measurements were made at Akron, Colo., in 
1911 (Briggs and Shantz, 1913a)'. These measurements were ex- 
tended in 1912 and 1913 to include many species whose water requirement 
had never before been determined. The later measurements form the 
subject of the present paper. The writers desire to express their obliga- 
tion to Messrs. R. D. Rands, A. McG. Peter, H. Martin, F. A. Cajori, N. 
Peter, and G. Crawford for efficient and painstaking assistance in con- 
nection with these experiments. 


EXPERIMENTAL CONDITIONS 


The experimental procedure in 1912 and 1913 was similar to that in 
the earlier experiments. The plants were grown to maturity in large 
galvanized-iron pots holding about 115 kg. of soil. Each pot was pro- 
vided with a tight-fitting cover having openings for the stems of the 
plants, the annular space between the stem of the plant and the cover be- 
ing sealed with wax. The loss of water was thus confined almost entirely 
to that taking place through the leaves, and the entrance of rainfall was 
almost wholly excluded. The wax which has been found to be the most 





1 Bibliographic citations in parentheses refer to ‘‘ Literature cited,’’ p. 62-63. 
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satisfactory for sealing the openings about the stems consists of a mixture 
of four parts of unrefined beeswax with one part of tallow. 

Six pots of plants of each variety ' were used, and the water require- 
ment of each pot was determined independently, in order to provide a 
basis for the calculation of the probable error of the mean. In making 
this calculation, Peter’s abridged method, based upon the sum of the 
departures, has been employed.? 

The term ‘‘water requirement,’ when employed in the following pages 
without further restriction, indicates the ratio of the weight of water 
absorbed by a plant during its growth to the weight of the dry matter 
produced, exclusive of the roots (Briggs and Shantz, 1913a, p. 7). 
The plants were dried to constant weight in a steam-heated oven, main- 
tained at approximately 110° C. When the plants produced grain, the 
water requirement based upon the weight of the dry grain is also given. 
The percentage of grain produced by the plants grown in the pots usually 
compared favorably with the field performance. Unless a normal per- 
centage of grain is produced, the water-requirement ratio based on grain 
production should not be applied to crops grown under field conditions. 
In a few instances the water requirement based upon the weight of roots 
or tubers has also been determined. 


SCREENED INCLOSURE 


To protect the plants from birds and severe hail and wind storms, it 
was found necessary to conduct the experiments in a screened inclo- 
sure. The inclosure used in 1911 consisted of a wooden framework 
covered with wire netting of 4%-inch mesh. This framework shaded the 
plants somewhat, being made sufficiently rigid to support a track above 
each row of cans, from which the cans were suspended during weighing. 
To reduce the shading effect, a new inclosure was provided in 1912, the 
framework of which was made of 1-inch galvanized-iron pipe with pipe 
posts 9 feet high at intervals of 8 feet. The framework to a height of 3 
feet was covered with a wooden wall which came slightly above the top 
of the pots. The remainder was covered with No. 21 galvanized-wire 
netting of 34-inch mesh. General views of the inclosure are shown in 
Plate I. 

Although the new inclosure reduced the shading effect, pyrheliometric 
and total radiation measurements made inside and outside the inclosure 
still showed a measureable reduction in the radiation due to the shade 
of the screen. Measurements made with an Abbot silver-disk pyrheli- 
ometer (Abbot, 1911) showed that the intensity of the direct radiation 





1 The recorded strains used in these measurements were obtained from the following offices of the Bureau 
of Plant Industry: Foreign Seed and Plant Introduction (S. P. I.); Cereal Investigations (C. I.); Alkali 
and Drought Resistant Plant Investigations (A. D. I.). 


ad 
2 The formula used was Rm=0.845 aE or where Rm=the probable error of the mean, Jd=the sum of 
nyn—t1 


the departures, and »=number of determinations. 

A probable error based upon six determinations does not necessarily represent strictly the actual fre- 
quency diagram, and this must be borne in mind in the consideration of probable errors. For a discussion 
of the probable error when the number of observations is small, see ‘“‘Student’’ (1908). 
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from the sun was reduced about 20 per cent by the inclosure at midday 
in midsummer, while total radiation measurements made with a differ- 
ential telethermograph (Briggs, 1913) gave approximately the same 
reduction. Simultaneous measurements of the water requirement of 
wheat, alfalfa, and cocklebur grown inside and outside the inclosure in 
1913 showed that the inclosure reduced the water requirement about 22 
per cent. The water-requirement measurements must therefore be con- 
sidered relative rather than absolute. In this connection it should be 
recalled that plants growing under field conditions are also mutually 
shaded and otherwise protected to some extent. The writers’ measure- 
ments in 1913 show that wheat grown in pots sunk in trenches and sur- 
rounded by a field of grain has a water requirement 10 per cent above 
wheat grown in the inclosure and 10 per cent below wheat grown outside 
the inclosure in a freely exposed wind-swept position. (See Table I.) 
The stand of wheat about the trench was below normal, owing to the dis- 
turbance of the plants in trenching and in caring for the pots. The potted 
plants in the trenches were consequently more exposed than if growing 
normally ina field of grain. The water requirement of the potted plants 
in the trench is therefore somewhat above that of plants normally pro- 
tected. From this comparison it appears that the inclosure measure- 
ments, at least in the case of wheat, are less than 10 per cent below the 
water requirement of plants exposed under field conditions. 


TABLE I.—Effect of the screened inclosure on the water requirement of wheat at Akron, 















































Colo., in 1913 
Water requirement 
based on— 
Plant and period of growth. a Ba Grain. | Water. | Grain, 
Grain. Dry matter. 
1913. Grams. | Grams. | Kilos. | Per cent. 
7 | 162.2] 56.5 | 103.8 35 | 1,837 640 
Kubanka, C. I. 1440 8 | 167.4] 63.9] 105.1 38 | 1,645 628 
(Triticum durum), 9 | 143-4] 49.0] 91.2 35 | 1,861 636 
check series, May 10] 151.6] 51.4| 93-1 34] 1,810 614 
22 to Aug. 13. 11 | 1489] 56.5] 89.5 38 | 1,584 6or 
I2 | 159-3 | 50.3 | 102.2 32 | 2,032 642 
ee See! Sena meee] eM es] Meer es I, 795443 6274+5 
1] 142.5] 46.6] 81.4 33 1, 745 571 
: 2] 151.1 | 43-9] 80.8 29 | 1,840 534 
Kubanka, in field, 3 | 153-4] 489] 82.9 32 | 1,694 540 
May 22 to Aug. 13. 4] 156.0] 42.8] 884 27 2, 063 566 
5 | 143-9 | 482] 83.3 33 | 1,726 579 
6| 167.8] 44.9] 97.3 27 2, 167 580 
bo EY EET EET) ORT Hee mere: 1, 873+61 562+6 
73 | 294.8 | 106.5 | 150. 3 36 I, 410 ge 510 
: 74 | 273-4 | 101. 4 | 135.9 37 | 1,340 497 
Kubanka, in shelter, 7§ | 257.0] 97.1 | 122.4 38] 1,261 476 
May 23 to Aug. 2. 76 | 304.2 | 116.2 | 156.0 32 I, 342 513 
77 | 253-3 | 93-8 | 121.3 37 T, 293 479 
78 | 299.6] 116.8 | 150.2 39 | 1,286 502 
1 ERD SMR Meee haters, | Useeyeds| Ape ae I, 322+16 496+5 
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WEIGHING AND WATERING 


The discarding of the overhead track necessitated the construction 
of a movable support for weighing the cans. The weighing support 
used is shown in Plate II, figure 2. It was constructed of 1-inch gal- 
vanized-iron pipe and consisted of a crossbar which spanned the row and 
which was supported at each end by two bent posts. These posts were 
fitted with floor plates secured to two wooden skids, which slid along 
the ground on either side of the row of cans. In the earlier weighings 
the pots were suspended from a rope running through pulleys to a small 
windlass located on one of the posts of the support (PI. II, fig. 2). The 
windlass was later located directly beneath the crossbar and was operated 
through a chain-and-sprocket drive. , 

‘ach pot was provided with bale ears by which it could be suspended 
directly from the balance by chains. When the plants were not suffi- 
ciently high to come in contact with the weighing apparatus, pots could 
be weighed at the rate of two a minute if two men handled the support and 
a third recorded the weight. When 300 pots or more are to be weighed 
three times a week, as was the case at Akron, rapidity in weighing be- 
comes important. 

The initial and final weighings have been made with an accuracy of 
one-fifth of a kilogram, either with a platform balance or a sensitive 
spring balance calibrated and corrected for temperature. Intermediate 
weighings have been made throughout with a spring balance calibrated 
by means of a sealed check pot weighing 130 kg. 

The water in all cases has been added from calibrated 2-liter flasks 
(Briggs and Shantz, 1913a, p. 11). The neck of each flask is cut so 
as to deliver 2 liters of water when brimful. The flasks are filled by 
submersion. In some of the later work a tank with a framework arranged 
for keeping a number of flasks submerged has been used. No time is 
thus lost in filling flasks or in adjusting the contents to a fiducial mark. 


SOIL FERTILIZER 


Surface soil from the experiment farm was used for filling the pots. 
Since it is well known that the water requirement is increased by a 
deficiency in the plant food supply (Briggs and Shantz, 1913b, pp. 31-56), 
the same quantity of a complete soluble fertilizer was added to each pot 
at each station at intervals during the growth of the crop. The fertilizer 
in 1912 was applied at the rate of 50 p. p. m. of PO,, 100 p. p. m. of NO,, 
and 65 p. p. m. of K, all based on an assumed dry soil mass of 100 kg. 
per pot.'| The phosphoric acid was applied as sodium phosphate; the 
nitrogen and potash as potassium nitrate. This amount of fertilizer was 
divided into four equal portions and applied at intervals during the 
active growth of the crops, the first application being made soon after 





1 Approximately one-half of this quantity was used in 1913 and was applied as in 1912. 
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the plants had become well established. In practice it was found con- 
venient to make up a large quantity of the fertilizer solution of such 
concentration that 2 liters contained one-fourth of the total quantity 
required for one pot. The addition of this quantity to each pot was 
followed immediately by 2 liters of water. 

To test the influence of the fertilizer, one standard set of six pots of 
Kubanka wheat was grown without fertilizer at Akron, for comparison 
with the fertilized sets. The detailed results are given in Table II. The 
water requirement of the unfertilized set was 4+ 2 per cent below that of 
the fertilized set when based on the production of dry matter, and 144 
per cent above, when based on grain production. The results therefore 
indicate that the additional plant food was not needed at this station, 
the water requirement of the two sets agreeing (within the errors of the 
experiment) whether based on the production of dry matter or on the 
production of grain. In 1911 the water requirement of the unfertilized 
set ' at Akron was 6+3 per cent above the fertilized set when compared 


on the basis of dry matter, although the ratios based on grain production 
were the same. 


TABLE II.—E ffect of fertilizer on the water requirement of wheat at Akron, Colo., in 1912 
































Water requirement 
| | D based on— 
Plant and period of growth. N aa anmiene: Grain. | Water. | Grain. : = 
Grain. | Dry matter. 
1gI2. Grams. | Grams. | Kilos. | Per cent 
I | 270.0] 108.2] 95.1 40 879 352 
Kubanka, C. I. 1440 2 | 292:7 | 8&3] O72 35 | 1,099 384 
(Triticum durum), 3 | 279-4| 98.1 | 109.9 32 I, 120 393 
May g to Sept. 3, | 4 | 288.8 | 99.7 | 118.6 35 I, 190 4II 
fertilized. . ara, 5 | 291.8] 99.5 | 122.0 34| 1,226 418 
6 | 261.7 2.2 | 106.2 35] 1,152 406 
WROWIN o5 cess c's | ceideclienBilveles@an chsbeaeakeunreeeees I, 111437 30447 
7 | 291.8 | 102.8 | 108. 6 35 | 1,056 372 
Kubanka, C. I. 1440, 8 | 272.3 | 100.6 | 107.4 37 1, 067 394 
May 9 to Aug. ar, 9 | 290.3 | Tor. 1 | 108.8 35 | 1,076 375 
unfertilized. 10 | 274.8] 79.5 | 109.4 29] 1,375 398 
. II | 300.2 | 105.7 | 114.1 35 | 1,080 380 
12 | 263.2 | 87.6] 884 33 I, Ogo 336 
i ne AR ‘ina WOU Suck: ewes: I, 124432 37646 

















CLIMATIC FACTORS 


The instrumental equipment for the measurement of climatic factors 
included maximum and minimum thermometers and an air thermo- 
graph exposed in a standard shelter 4 feet above the ground surface, an 
anemometer, a psychrometer, a rain gauge, and an evaporation tank. 





1 Based on pots 1 to 6, unfertilized, which had the same exposure as pots 7 to 12, fertilized. 
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The sunshine, the wind velocity, the combined sun and sky radiation, 
the wet bulb depression, and the evaporation were automatically recorded. 
The results of some of these measurements, combined in 5-day periods 
for the sake of brevity, though not without sacrifice, are given in Tables 
III and IV. The discussion of the influence of climate on water require- 
ment has purposely been restricted, since such correlations as may 
exist can best be determined when discussed in connection with the 
results from other stations established for this purpose. 


TABLE III.—Summary of climatic conditions at Akron, Colo., in 1912 



































Air temperature (°F.). 
: —— 
D A {— Precipi-| E — 
Month. (in bo —— Maxi- | Mini- atten. ration. | je 
Maxi- | Mini- | ™!™- | ™¥™- hour. 
Means. mums. | mums. 

Igt2. Inches. | Inches. | Miles. 

z#0 5 48 62 33 73 ee o. 82 Sy 
6 to 10 44 60 29 69 23.10:36} .9% 8.5 

April 11 to 15 44 56 30 68 20] .§t| .72 | 17 
eaeasiecsite \ eee Seem 40 49 29 54 26} .36] .47 9.5° 
21 to 25 46 57 32 7° 27| .03| «78 9. 6 
26to30) 49] 62) 35] 69] 32)133] 1-09] 95 
Ito 5 5° 67 35 76 28 | .35| .98| 104 
6 to 10 53 66 41 75 34| -40] .9g0 8.3 
Ma 11 to 15 44 53 36 65 321] .97] 60 8.6 
PeenMass oaeees 16 to 20 61 77 47 83 41 fr. | .99 6.9 
| 21 to 25 64 78 47 84 42] Tr. | 1.32 7.1 
26 to 31 60 77 44 92 35 | 1-14 | 2.31 9.3 
Ito 5 64 78 49 83 yt eee I. 32 7.8 
6 to 10 59 69 49 78 471.41] .94 8&1 
June 11 to1s 60 72 49 84 44) 1.03] .84 4-5 
re ee eae 16 to 20 55 65 41 78 37 | I-51 | 1.00 4:3 
| 21 to 25 66 80 50 86 oe eee 1. a2 5.5 
26 to 30 72 88 55 89 50| .44] 1.64 6.1 

1to 5 66 81 49 87 46] .03] 1.12 5.1 

6 to 10 73 89 55 96 5r| .34] 1.58 6.1 
Jul 11 to 15 70 86 54 92 Sz | «OE -} 390 5.6 
sete 69 82 55 go 50] .72]| 1.06 6.1 
arto25| 73) 88| so] 94] 55] 1-63] 1.38] 5.5 

26 to 31 69 80 57 85 53| .85 | 2.29 4.1 

1to 5 68 79 58 84 54] .16] 1.04 : oe 
6 to 10 65 79 50 85 48 | .32] 1.05 3.8 

Ir to 15 69 83 54 89 0) 236 1 2.38 5.2 
August. .......... 16 to 20 68 82 53 86 51] -56| 1.04 3.0 
21 to 25 72 89 56 95 ae I. 29 4-0 

26 to 31 72 88 56 96 53 | -26) 2.48 5.1 
Ito 5 70 87 54 go A See I. 39 6.4 

6 to 10 65 80 51 91 47 | .43| 1.08 ye 
11 to 15 51 61 38 77 3212.20] 6: 5.6 

September.. .... 16 to 20 51 66 37 81 cy eee . 62 6.3 
# 21 to 25 46 59 34 71 a2} .o2] .54 6. 3 
43 45 
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TABLE IV.—Summary of climatic conditions at Akron, Colo., in 1913 
Air temperature (°F.). 
ee 
D A {— Precipi-| E bt ma 
Month. eamaneed. = posit | Maxi- Mini- tation. onion. jo 
P .. | Mum. | mum. hour. 
Means. | mums, | mums. 

1913. Inches. | Inches. | Miles. 
1to 5 49 66 31 17 21 | 0.02 | 0. 82 9.4 
6 to 10 33 46 24 73 10} .94| .78| 12.4 
_ 11 to 15 45 64 29 77 >| eee a 3.6 
pril.......-.-- 6 36 to 20 53 69 40 74 34| .87| .76 7.2 
21 to 25 44 55 34 68 27 | .36) .5! 1r.0 
26 to 30 60 78 4° 84 cl Seeerene 1.15 9-2 
1to 5 47 58 35 69 sti Teel 3m 6.7 
6 to 10 54 68 43 81 41| .82] .84 8.9 
Ma irto1s| 55] 69| .43} 80] 33] .54] -86) 7.4 
jideitiabbieathcbiots, 16 to 20 55 7° 42 80 38 r. | .93 7.6 
21 to 25 62 77 46 84 39 | .02] .99 5-7 
26 to 31 69 86 51 91 48 | .06] 1.50 5-6 
Ito 5 65 81 51 87 48 | .26] 1.15 6.2 
6 to 10 57 67 45 17 37 | Tr.|] 1.07] 103 
11 to 15 66 81 51 gl 42 | .16] 1.17 9.0 
JUNE... ..-s sees ees 16 to 20 71 88 54 93 ga | Tr. | 1.27 6. 6 
21 to 25 69 86 54 89 se | «gr | 39 5.8 
26 to 30 74 gt 60 97 49| -42] 2.19] 103 
Ito 5 75 92 56 | 100 Dt) Beer 1.71 7.0 
6 to 10 79 96 60 | 101 Ct Eee 1. 88 6.6 
jul 11 to 15 74 92 56 | 103 46| .0o2] 1.78 6.8 
edenehtmedn SS 68 83 56 93 §3 | 1.32 | 2.97 4.8 
21 to 25 66 78 56 87 53 | .61 | 1.08 6.8 
26 to 31 67 87 49 93 43 | .10] 1.61 5.0 
tto 5 78 95 61 98 (> i Pane 1.75 5.8 
6 bs 7) 21 S| 2 Se eee 6.2 
Ir to 15 73 go 59 93 5 - Or | I. 23 4-9 
August. .......... 16 to 20 76 93 61 95 56| .24]| 1.38 5.0 
21 to 25 73 go 57 97 | Se 1. 58 5-9 
(26to3r) 75] Of] 59] 98] 54] -04/| 1-83) 59 
rto 5} 73| 90} 56} 92] 54] -17|/1-37| 48 
6 to 10 68 85 53 92 48 | .45 | 1.27 6.7 
Ir to 15 62 719 45 86 40] .10] 1.30 7.6 
September........ 16 to 20 53 68 39 87 29| Tr. | .098 g. 2 
21 to 25 45 59 32 76 271 .39| -6: 5. 6 
26 to 30 5° 60 41 70 37 | -OF | -§% 4-7 
































The months of June, July, August, and September, 1913, were all 
warmer than in 1912, the average difference in the monthly means being 
4° F. In only 2 of the 24 five-day periods into which these months are 
divided did the mean maximum temperature in 1912 exceed that of 
1913. The character of the two seasons is best reflected, however, in 
the evaporation graphs shown in figure 1. The evaporation for the two 
years was not essentially different up to the 1st of June. From this 
time on the evaporation in 1912 averaged much lower than in 1913. 
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The marked response of the plants to the different seasons is shown in 
the reduced water requirement in 1912. (See Tables XXXII, pp. 36-38, 
and XXXIII, p. 39.) 


WATER REQUIREMENT OF VARIOUS CROPS 
WHEAT 


The water requirement of six varieties of wheat, including emmer, 
was measured at Akron in 1912. The results arranged in order. of 
increasing water requirement based on dry matter are as follows: 


Variety of wheat Water requirement 
Turkey 36446 
Kharkov 36546 
Kubanka 390447 
Emmer 42843 
| ee 45144 
Spring Ghirka........ 45743 


To3 


XK 
§ 
g 
|2 
24 
i 
KWo 
. 
q 
: 


MGA D \ 


out 
| 


% 9 
© ee a 
APF. MAY iN. SULLY” AVG. SEP7, 


1-5 
6-/0 
M-15 


146- 
2/-25) 
4-5 


Fic. 1.—Evaporation from a free-water surface (tank) at Akron, Colo., in 1911 and 1912. Note the 
marked reduction in evaporation in 1912 after June 10. A volcanic eruption in Alaska occurred on 
June 6. 4 


The Turkey and Kharkov varieties (Pl. III, fig. 6) were tested for 
the first time in 1912. These are winter varieties and were transplanted 
to the pots in the spring from field plats sown in the fall. They gave 
the same water requirement and appear tq be about 10 per cent more 
efficient than the Kubanka (PI. III, fig. 1), which has heretofore been 
the most efficient wheat tested as regards economy in the use of water. 
This comparison, however, ignores the small quantity of dry matter in 
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the plants at the time of transplanting. The three remaining varieties 
show somewhat greater differences than in 1911, and the order is reversed. 
The probable error of the water requirement of emmer in the 1911 exper- 
iments was abnormally high, so that the 1912 series (Pl. III, fig. 4, 
and Pl. VII, fig. 4) may be considered more nearly representative of 
the relative position of this crop. 

The water requirement of different varieties based on grain production 
is as follows: 






Variety of wheat 


Water requirement 
Emmer (including glumes) 


Ra eteek eae ew pak Meme lua a arin ele 984+18 





















ROSEN, Sits aoa cl othe ae td dom eee aT a aT ents .es 995422 
MRIMNUIW 56523 oe Baus qe aelre Set dkt oan aoe a mea ONa .. see 1,064+60 
PRU oak cade amee eee eats oak Veena eae a . 1, 111437 
Heimer (without qlumies). 00.0. c.ccececncvevececateves .. 1, 243423 
PID CMW sc cegervawnadudela din Vou twed meas ontra Moan ... 1, 468434 
Bluestem. .... 


ET REN CERT CO Eee EE OO ET EET 1, 573449 

In order to reduce the results obtained with emmer to a basis com- 
parable with the other varieties, the calculations should be made upon 
the weight of the grain without the glumes, which constitute about 21 
per cent of the total weight. When this is done, it will be seen that the 
water requirement of the different varieties based on grain production 
follows the same order as when based on the production of dry matter. 
The Turkey wheat again gives the lowest value for the water require- 
ment, although the Turkey, Kharkov, and Kubanka may be considered 
substantially in agreement when the errors of the experiment are con- 
sidered. The detailed results are given in Table V. 





TABLE V.—Water requirement of different varieties of wheat at Akron, Colo., in 1912 
and IgI3 





Water requirement 


based on— 
Pot 


No. 


Dry 
matter. 


| 
| } | : 
Plant and period of growth. | | Grain. | Water. | Grain. . 


Grain. Dry matter. 


















| 
} 
| 
IgI2. 











Grams. | Grams. | Kilos. | Per cent. | 
1 | 270.0] 108.2] 95.1 40 | 879 352 
» “ | 2 | 252.7 88. 3 97.1 35 I, OG 38 
Kubanka, C. I. 1440 | pig ie sgt, 8 3 07 35 ’ 9 3 4 
(Triticum durum), |; ° 2724) XT | 100-9 32 I, 120 393 
May 9 to Sept. 3 4 | 288.8) 99.7 | 118.6 35 | 1,190 411 
ee ne 5 | 291.8 | 99.5 | 122.0 34.| 1,226 418 
201.7 2 . 2 35 I 





lf 31) 2 
Marvel Bluestem, C. I. 32 | 33 4. 
3082 (Triticum as 1-9 7. 
aestivum), May 11 to 208. 77. 26 











| RE SEY rere eee | mere tere 
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TABLE V.—Water requirement of different varieties of wheat at Akron, Colo., in 1912 
and 1913—Continued 





Water requirement 
based on— 
Plant and period of growth. Water. 





Grain. pry matter. 





IgI2. . . Per cent. 
T, 505 
Kharkov, C. I. 1583 ‘ : : , o 35! 
(Triticum aestivum), . ‘ ‘a 
Apr. 27 to Aug. 28... ne or ris 
890 





1, 064+60 365+6 





I, 092 
Tukey, C. I. 259 4 ‘ a, a7 365 
(Triticum aestivum), ; ‘ : pt 
Apr. 27 to Aug. 1... oe 387 
946 348 


99522 36446 





. . 1, 645 459 
Spring Ghirka, C. I. , , " 1, 489 458 
1517 (Triticum aes- 5 , 5 ; I, 540 477 
tivum), May 11 to s. * : 1, 393 456 
1, 395 442 
1, 347 450 








1, 468434 | 45743 





932 413 
Emmer, C. I. 2951 / . f 1 - pe 
(Triticum dicoccum), ; ‘ 1.028 Po 
May 11 to Aug, 12.. 1 "950 423 
982 426 





984+18 42843 





I, 411 510 

Kubanka, C. I. 1440 > T, 340 497 
(Triticum durum), ‘ — = 
Ma to Aug. au 7“ re 

a oe I, 293 479 

1, 286 502 











I, 322+16 496+5 




















Ohly one variety of wheat, the Kubanka, was included in the measure- 
ments of 1913. This variety gave a water requirement 26 per cent above 
the 1912 ratio and 19 per cent above the 1911 ratio. The water require- 
ment on the basis of grain production was 19 per cent higher than in 
1912 and 11 per cent higher than in rg11. 
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OATS 


The four varieties of oats employed in the water-requirement tests in 
1912 were the same as those used in the 1911 experiments. The water 
requirement in 1912, based on the total dry matter produced, was as 
follows: 


Variety of oats Water requirement 
COM MM Noises cent chad Reade Ween Meet ERs Ox txcyhecciviereas 39946 
WOMEN CURING on cvo duns enambnckenee te cogeneoneemhe saaaaen 423+5 
BURBS cua iene ee sak neU a Meee mena ewe we Sen mene Me emmees 44943 
Pe eee ee eee COE CRC rr ert Perce err eer 491+13 


The Canadian again proved to be the most efficient of the varieties 
tested. The differences exhibited by the first three varieties in the 
list are practically the same as in 1911. 

Much trouble was experienced in obtaining a stand of Sixty-Day 
oats. The germination was very poor and a second and even a third 
planting failed to give a good stand, as is shown by the variations in 
the yield of the different pots. (Table VI.) This is, perhaps, the cause 
of the higher water requirement obtained for Sixty-Day oats, which 
in 1911 ranked next to the Canadian in efficiency. 

The water requirement of the different oat varieties, based on grain 
production in 1912, was as follows: 


Variety of oats Water requirement 
IRM CO IEON oot cue cbs ev mac ean cede weueseay meres I, 10318 
RMB o5n Curiae un ewes pane eae Rewer eeeee uae eal I, 1724133 
RUE rive Uda a 6 RO ake se a ake RN ea hard BONE EEC RAS ateee I, 224+55 
II IE oe scnlecsin wea ada nactanaadeseeenusuceanwenees I, 4164119 


The probable error is high in all the determinations, except in the 
case of the Swedish Select (Pl. III, fig. 5), and the relative order 
of the varieties is consequently of little significance. It is, however, of 
interest to observe that the Canadian variety is the least efficient in the 
use of water from the standpoint of grain production, which is in accord 
with the 1911 experiments. 

Swedish Select and Burt oats were also included in the 1913 measure- 
ments at Akron. On the basis of dry matter produced, the two varie- 
ties were equally efficient in the use of water. In the measurements 
of 1912 and 1911 these two varieties gave only slight differences, the 1911 
and the 1912 results being in accord when the probable errors are con- 
sidered. On the basis of grain production, the Burt was the more effi- 
cient in 1913, and the Swedish Select in 1912 and in 1911. No real 
differences of importance are shown in these two varieties when the meas- 
urements of the three years are considered. 
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TaBLe VI.—Water requirement of different varieties of oats at Akron, Colo., in 1912 and 
IQI3 





| Water requirement 
| } | based on— 




























































































Plant and period of growth. | Be Grain. | Water. | Grain, |__- ——S 
| | Grain. bry matter. 
1912. | Grams. | Grams. | Kilos. | Per cent. | 
|, 67 | 206.5 72.8 | 119.9 36 | 1, 645 580 
eT 4 68 | 287.7 | 147.9 | 131.8 51 892 458 
Sixty-Day, C. I. 165 | 69 | 270.9 | 107.3 | 133.6 40 | I, 245 493 
(Avena sativa), May | a pe ‘ ! “8 | pd 
q ss eee PO stealer dace wannte 
rs to AGE, 23........ at | 274.7 | 143.4 | 129.5 52 | 904 472 
99 LBB, 5. sce C2 ere rece 501 
EI CRSSCEES Co MEO, NC Rae eres | I, 172133 | 491413 
73| 227.1.) 809] O12 36: | 2,135 401 
: 7 o2.1 | 118. 126. 7 3 1, 068 I 

Canadian, C. I. 444 a i , ro 89 4 i - 767 38 
(Avena sativa), May a pm A 79.8 | 107.8 | 29 s 350 390 
ry to Sept. 16.4.5... 7 158 ; pi 3 | . ie 375 

7 ole. Mt Ee BOA Pooctcunlepensasce 375 
| 78 | 250.0] 60.5 | 107.0 | 24 | 1,769 428 
en fo cslenia| voters « ole emaxcttoneanas ae 1,416+119 | 399+6 
| | 
| 79 352.8 | 138.8 153: 5 39 | 1, 106 435 
39. 110. 158. a9) 1% 

Burt, C. I. 293 (Avena | Br ps 93 3 nt a3 a rn 
sativa), May 15 to | 82 | 344, 5 132.9 | 150. 9 30 1, 138 438 
Aug. ee eae 83 | 351.5 | 147.8 | 160. 3 42 | 1,085 456 

| 84 | 363.8 | 143.3 | 162.7 39 | 1,135 447 
MN ook Stoel peur eG ree Hem ine leer esr 1,224+55 44943 
| 85 | 402.2 | 167.7 | 167.2 42 997 416 
: ‘ || 86 9 , 75,8 37 76 43 

Swedish Select, C. I. ||. an fi ee 4 ai — 
134 (Avena sativa), | 88 | 412. ; ssa, 9 164. ° 37 1, 073 398 
May 17 to Aug. 23.. |] 89 | 389.8 | 145.9 | 169. 7 37 | 1, 163 435 

it go | 306.8 | 144.5 | 161.0] 39 | 1,113 439 
Se ES GREE: nas, Aenean es arte (Reaper 1, 103+18 42345 
1913. 
79 | 265. 5 ~ 2) t7e 32 | 2,035 oe 
, | 8 " " 64. 2 3 1,97 

Swedish Select, C. I. | Os > ay : os ; eB 5 = nei re 
134 (Avena sativa), ) 82 206, 7 an 9 175, 3 36 , 640 soz 
May 23 to Aug. 1....| 83 | 286.1 | ror. 4 | 174.3 35 | 1,719 609 

| 84 | 291.9 | 95-0 | 174.0 33 | 1,831 596 
eee ico wee Ante Do gallons 4 eas ele estan 1,876+55 | 617+9 
5 | 243-7] 93-4 | 148.8 38 1, 594 ae 
|| 86 6 | to1.8 | 151.1 a I 
Burt, C. I. 293 (Avena | 87 Ho 4 Bo, 6 156. 5 36 . 787 650 
sativa), May 23 to |} 9 255. 5 89 3 | 187.0 35 1, 758 614 
rae Io J P Jf he 
BURY OS .5 icc on renee | 89 | 280.0] 4.7 | 155-7 38 | 1,644 623 
90 | 254.9 | 94-5 | 149.3 37 | 1, 580 586 
ere ee eee a pe 1, 641433 | 617+5 
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BARLEY 


Barley is the most uniform in water requirement of the small-grain 
crops which the writers have tested. The four varieties grown at Akron 
in 1912 showed only slight differences in their water requirement. The 
results obtained, based upon the production of dry matter, were as follows: 


Variety of barley Water requirement 
Jo Me mPa ar TERE eT ere ca ree eer 403+8 
MEINEUD So etree a Gee eS EA elo RTPA o Gil BARE TE te alan ata oer 41644 
WE MEME MEMR ole circaes ecew elena ee adsimce bes peatepve denen teat 43941 
EMOTION, 5b cca Rie ae cess cable en eeas ae eee 44343 


These same varieties were also tested at Akron in 1911 and were 
found to be in practical agreement as regards their relative water require- 
ment. The mean value of the water requirement was 27 per cent 
higher in 1911 than in :912. 

The results obtained with barley when the water requirement is 
based on grain production are less uniform than when the total dry mat- 
ter is employed. Reference to Table VII will show that this is often 
due to a single pot which for some reason fails to set grain as abundantly 
as the rest of the series. The Beldi, a dwarf variety, showed the highest 
efficiency in the use of water in grain production. The White Hull-less 
(Pl. III, fig. 2) has a water requirement slightly above the other 
varieties, even when a correction is made for the naked character of 
the grain. 


TABLE VII.—Water requirement of different varieties of barley at Akron, Colo., in 1912 





















































Water requirement 
[ A based on— 
Plant and period of growth. | hog | - Grain. | Water. | Grain. 
| Grain. Dry matter. 
} 
IgI2. Grams. | Grams. | Kilos. | Per cent. 
gt = 5 | 141. 7 138. 1 47 974 458 
. | y . 0. 127.7 41 I, 095 452 
Hannchen, C. I. 531 | ? rrr es ‘ = 
(Hordeum distichon), | 93 pi sore. | ™ eos ~ 
May 16 to Aug. 28.. 94 | 300-3 | 137-1 | 133-3 4 972 444 
I] 95 | 309-2 | 145-5 | 134.9 47 926 430 
96 | 308.5 | 152.0] 130.9 49 860 424 
| Eee PORTERS Aare Neer! aroma) Sleepy! oem 1, 005 + 36 4433 
230.5 | TOI. § ef 9 44 925 407 
Beldi, C. I. Hor- 98 | 240.1 | 107.0] 98.5 45 920 410 
pee gele a ( May |) 99| 243-0 | 1092 | 99.5] 45] 910 409 
“itn Mee’ 40 . 100 | 189.4} 81.3 82.1 43 I, O10 434 
diana aldaiehtls Ior | 223.8] 101.6] 97.0 45 954 | 434 
j{ 102 | 236.5 | 103-1] 95-5 44 926 | 404 
PROMS 6 coset hecbe recuse cue a dake es slausie wen cemmae anes 941+10 416+4 
|( 103 | 271.2] 95-3 | 119.7 35 | 1,256 441 
White Hull-less, C. I. || 104 | 276.0] 97.1] 121.4 35 | 1,250 440 
595 (Hordeum vul- |} 105 | 273.1 | 95-6] 119.4 35 | 1,249 437 
gare), May 16 to |) 106 | 268.8] 92.9 | 119.7 35 | 1,289 445 
ES PR er cienea cies 107 | 273-8] 99.5 | 118.4 36 | 1,190 | 433 
108 | 299.7 | 110.0 | 131.6 37 | 1,197 | 439 
MOODS vie nacccawebecuess ba ed ruled Paced mwcd bed muctetaea erantng 1,2394+11 | 43941 
j \ <= | 
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TaBLE VII.—Water requirement of different varieties of barley at Akron, Colo., in 1912— 
































Continued 
gyal a | 
| Water requirement 
based on— 
Plant and period of growth. _ | PB Grain. | Water. | Grain. 
| Grain. Dry matter. 
1912. | Grams. | Grams. | Kilos. | Percent. 
10g | 112.0] 20.7 49. 2 ” Ue 439 
‘ . ; 6.1 at ere re 8 
Beardless, C. I. 716 || 17° tt ree 2 5 3°9 
: 111 | 276. 135. r21.6 8 08 
(Hordeum vulgare), |) 11, aoe ; i 93.8 a : oa es 
May 16 to Aug. 23... she: ‘ ‘ : 
113 | a10.5.| 63:9 | S72 30 | 1, 364 414 
114 | 291.3 | 120.2 | 103.7 41 862 356 
Ee Pee Bre logis joa: ne paceman 1, 017 +83 403 +8 
| 








RYE 


The measurement of the water requirement of spring rye at Akron 
in 1911 showed a surprisingly high figure—54 per cent above that of 
Kubanka wheat. The 1912 measurements (Table VIII) gave 496+9 
for the water requirement of rye when based on dry matter and 1,802 + 62 
when based on grain production. The 1912 (dry matter) ratio is thus 
about 26 per cent above Kubanka wheat, a marked increase in the rela- 
tive efficiency in comparison with the 1911 ratio. In fact, rye exhibited 
the greatest reduction in water requirement of all the crops tested in 
1912. 

A consideration of the water requirement of crops grown out of season 
in 1911 showed that rye was unusually efficient during the cool fall 
period. This result as well as the increase in efficiency in 1912 suggests 
that rye may be unusually responsive to climatic conditions and that 
it is relatively better adapted to low temperature than the other small 
grains. 


TaBLE VIII.—Water requirement of rye at Akron, Colo., in 1912 





























Water requirement 
based on— 
Plant and period of growth. o- BI Grain. | Water. | Grain. 
| | Grain. Dry matter. 
ear aaa ae ae | 
IgI2. | Grams. | Grams. | Kilos. | Per cent. | 
lf rx8 | 2100 | 57.81 O02 ay 1, 664 457 
’ : - 116 | 216.4] 65.1 | 118.8 30 | 1,825 549 
Rag. sping. CHB || nz | ioe] gee| Bea) 20 | noes | dae 
its hee. 6a ”- |) 118 | 248.6 | 65.8 | 123.3 26} 1,874 496 
8: ita IIQ | 234.5 54-7 | 120.1 23 2,195 512 
| 120 | 254.1 75-6] 124.6 30 1,649 49° 
con Ee ee eee ea ieee ee 1, 802 +62 496+9 
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RICE 


Rice was grown for the first time at Akron in 1912. The crop was slow 
in becoming established, and the growth period was relatively long. No 
grain was produced. The water requirement based on dry matter was 
519413 (Table IX). It thus appears that rice, although a crop normally 
grown with an abundant water supply and in a relatively humid climate, 
is about as efficient in the use of water as rye. Its relative position 
might be materially changed if the tests were made in a warmer climate. 

Rice was also included in the 1913 measurements (PI. VII, fig. 3). 
The stand was good and the growth was uniform and luxurious, but the 
season was too short to produce grain. The water requirement in 1913 
was 744+17, or 43 per cent higher than in 1912. 


TABLE IX.—Water requirement of ‘rice at Akron, Colo., in 1912 and 1913 














| 
Plant and period of growth. | Pot No. ~~ Water. pecs hee ge 
| dry matter. 
IgI2. Grams. Kilos. 
T5r | 248.4] 133.5 538 
152 | 253.1 I4I.2 558 
Rice, Honduras, C. I. 1643 (Oryza sativa), 153 | 232.5| 127.4 548 
MARY 27 TO SEDC. 99. 06 ccc ccccccivcceveces 154} 168.9 go. 5 536 
155 | 194.0 94. 8 488 
| 156 | 225.6 100. 0 445 
NMR oc veswiveocecued eters wasiccansleoceses ube areemaiteeecaren 519+13 
195 | 
157 | 276.7 | 218.2 790 
158 | 261.7] 211.5 809 
Rice, Honduras, C. I. 1643, June 12 to Sept. | 15g | 230.2] 176.9 768 
Ree rc eee ere ee rere 160 | 274.8| 186.6 680 
| 161 | 294.8 | 204.0 | 692 
162 | 298.7] 215.8 | 722 
RGN sates au ca wee cemeaenueenoes BEM SARE] SOC RTE Te 744417 
} 











FLAX 


Flax was included in the water-requirement measurements at Akron for 
the first time in 1913. Its water requirement was found to be very 
high, 905+25 based on dry matter and 2,835+52 when based on seed 
production. It will thus be seen to have a water requirement as high or 
higher than any of the legumes tested in 1913. This is in accord with 
the measurements made by Leather (1911, p. 270) in India, in which flax 
was exceeded in water requirement only by chick-peas and rice. At 
Akron in 1913 flax required 22 per cent more water than rice. The 
detailed results are given in Table X. 
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TABLE X.—Water requirement of flax at Akron, Colo., in 1913 






































Water requirement 
. based on—- 
Plant and period of growth. _ Fa Grain. | Water. | Grain. 
Grain. Dry matter. 
1913. Grams. Grams. | Kilos. | Per cent. 
127 | 189.0 | 64.9 | 184.8 34] 2,845 978 
Flax, North Dakota, || 128 | 154.7] 53.0] 143.4 34] 2,704 927 
No. 155 (Linum |} 129 | 209.3 | 77.2 | 210.6 a7 | 2,985 I, 006 
usttatissimum), 130] 93.0] 23.9] 76.3 26 | 3,190 811 
June 3 to Sept. 1....}| 132 | 116.7 | 32.5] 93.9 28 | 2,886 804 
132 | 187.8 | 63.7 | 169.2 34 | 2,658 go2 
5 Saar [gee pina | ee. Nan: Seer 2,835452 |905+25 





SUGAR BEETS 


The water requirement of the sugar beet was again measured at Akron 
in 1912. The ratio 321+8 was obtained on the basis of total dry matter 
and 524+ 23 on the basis of the dry root (Table XI). This is about 15 
per cent below the 1911 value, a reduction in water requirement similar 
to that shown by the other crops tested during the two seasons. The 
sugar beet is an efficient plant in the use of water, being the equal of the 
corn group in this respect. 


TABLE XI.—Water requirement of sugar beets at Akron, Colo., in 1912 









































Water requirement based 
on-— 
Plant and period of Pot Dry . 
growth. No. matter. Roots. | Water. | Roots. 
Dry roots, | Total dry 
{ 
| 
Igi2. Grams. | Grams. | Kilos. | Per cent. 
169 | 257.4 | 189.7 76.0 74 401 295 
. sta vul- || 179 | 17559 | 93-6] 55-7 53 595 318 
Sugar beet (Beta vul 271 | 173.3 | r000| 49.6 33 406 86 
garis), June g to a ~ ie 2 
iets... 172 | 163.6 | 107.3 =A: 66 489 321 
sas a rc 1] 173 | 196.8 | 123.0] 68.7 63 558 349 
\\ 174 | 164.5] 97-7] 589 60 603 358 
ce becone Pee eer cee ere | = 524-23 32148 
| 
COTTON 


Cotton was tested at Akron for the first time in 1912. Numerous 
bolls set, though none opened. ‘The plants grew slowly during the first 
part of the season, owing probably to the cool nights. The observed 
water-requirement ratio was 488+14 (Table XII). 
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TABLE XII.—Water requirement of cotton at Akron, Colo., in 1912 and 1913 




















| | 
Plant and period of th Pot N Dry | wat Sa 
lant and peric rowth. ot No. Vater. ment bas 
. _ matter. on dry matter. 
IgI2. Grams. Kilos. 
181 38.9 19. 2 494 
; 182 32.0 18. 5 578 
Cotton, Triumph (Gossypium hirsutum), 183 67. 4 27.1 402 
GRY SG Uh DOME. BE. 5 ks ckevevcdecevesses 184! 61.4 28. 2 459 
185 51.6 25.2 488 
186 2.4 31. 5 505 
POR eek cctinnes ceccdtdacabenddeseic ates awabeawaseasberaneets 488+14 
1913 163 | 237-5 | 172-4 726 
164 | 184.3 | 115.6 627 
: Be 165 247.4 166. 1 671 
Cotton, Triumph, May 29 to Sept. 16........ 166 | 249.6 tas 642 
167 161. 4 106. 4 660 
168 | 187.0] 115.4 617 
bo EOE ee eee eS EEE CET 657411 

















The same variety was also included in the 1913 measurements. (PI. 
VII, fig. 1.) The planting was made earlier, and a much larger growth 
was obtained. The water requirement was 657+11, or about one-third 
higher than in 1912. In this connection it should be stated that at 
Akron cotton is far north of its natural range, which may have increased 
its relative water requirement. 


CORN AND TEOSINTE 


Six varieties of corn (Zea mays) were tested at Akron in 1912 (PI. 
VII, fig. 5). Three of these varieties, Northwestern Dent (Pl. IV, 
fig. 1), lowa Silvermine, and Esperanza, had also been used in the 1911 
experiments. The three new varieties were furnished by Mr. G. N. 
Collins, of the Bureau of Plant Industry, and represent widely different 
strains. The Hopi variety (Pl. IV, fig. 2) is grown by the Hopi 
Indians in northwestern New Mexico (Collins, 1914); China White is a 
variety from near Shanghai, China; while Laguna was originally from 
the State of Chihuahua, Mexico. The water requirement of each variety 
tested in 1912, based on the production of dry matter, is as follows: 


Variety of corn Water requirement 
De ee OPCS Cee ee Pe ere er ert ri 23943 
PRCMUIEWNERIIS BION cn 'csin cee eccne cans espe nie meena Cacntnee es 280+10 
Li SOE Te MATE CERT Tere TET Ce oer eee TOT 285+7 
ROMUN GS o6dciende Voce CdedesipccenUeTeueeaeeeeventeeaseyuemes 295+6 
PU eR UONOO Sensi odes cee eces od euaatpens Ceadintnsiweeess 30247 
GIR Wi NNEs oiacd cdr eoidenncauan te haceeuuncm pe wewusuencaaauen 31547 


The Esperanza, as in 1911, leads all the varieties, so far as efficiency 
in the production of dry matter is concerned, and ranks with the sor- 
60300°—14 
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ghums in this respect. The differences exhibited by the remaining varie- 
ties are without significance when the limitations imposed by the probable 
errors are considered, although the quick-maturing Northwestern Dent 
and Hopi varieties appear to be slightly more efficient than the others. 
The detailed data are given in Table XIII. The pollination was not 
adequate to give representative grain yields. 

Five varieties of corn and one of teosinte were included in the 1913 
measurements. The water requirement of each variety, based on the 
production of dry matter, is as follows: 


Variety of corn or teosinte Water requirement 
REMMI RR RNIN es ool o picis is sasisibis sea Cae men sao komuoadesees 342+5 
SIRs Cer een ae ae a er NEE ar 35048 
ts MONNNDSE SIRI 2 src, fese os cca esa hoe p slats ny euro oan ree 390411 
PROC WOSIRTH DOME COT a5: 5 600. cs.csce cies os ana saae bees dese choles 399412 
PNOOY SOOO QOD ass a cress HAAG s sas eu eeneeoran 405+7 
Roe PN CO 6c. is 5k cpio sed Ra SAS EOD AoE KORE e NERS 41544 


The most efficient varieties were the Indian Flint (Pl. VI, fig. 5), 
a small variety grown by the Indians of northern Michigan, and the 
Hopi, another dwarf Indian variety. Teosinte, Northwestern Dent corn, 
and Bloody Butcher, a local variety of corn grown near Wray, Colo., 
showed only slight differences. The China White, as in 1912, proved to 
be the least efficient of all the varieties tested, having a water require- 
ment 20 per cent above that of the Indian varieties. 

In 1912 the water requirement of the Northwestern Dent corn was in 
practical agreement with that of the Hopi, while in 1913 the Hopi gave 
a considerable lower value. The China White required 32 per cent more 
water in 1913 than in 1912; the Northwestern Dent, 42 per cent; and 
the Hopi, 23 per cent. 

The water requirement of certain corn hybrids was also measured at 
Akron in 1912 and 1913. The mean water requirement of each strain 
has been included in the tables in the summary (Tables XXIX to XXXII). 


TABLE XIII.—Water requirement of different varicties of corn and teosinte at Akron, 
Colo., in 1912 and 1913 





- 
| Water requirement 

| woe Dey | based on— 

Plant and period of growth. | No. hi | Grain. | Water. | Grain. |__ ~~ : ee 
| | | Grain. Dry matter. 
| a eae oe | ae 

, 

Igt2. | Grams. | Grams. | Kilos. | Per cent. | 
O99 89000 | TACT RORO = Gir ecdccnes | 343 
Corn, Northwestern 278 344. 2 53-9 | 100.4 eer ea | 292 
Dent (Zea mays), 279 = 5 -* I - : - Peete Tt | ee 
June 9 to Sept. 16,..|| 70° | 949-9 | 234-4 ; orp tnesssaeees ; = 
251 | 440.0 | IOI. 5 | 111.2 ee ore | 253 
282 | 491.0] 117.1 | 126.1 i REE, | 257 
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TABLE XIII.—Water requirement of different varieties of corn and teosinte at Akron, 
Colo., in 1912 and 1913—Continued 









































| Water requirement 
" | Dry | } based on— 
Plant and period of growth. | | matter. | Grain. | Water. | Grain. r 
| | Grain. \Dry matter. 
| | 
IgI2. Grams. | Grams. | Kilos. | Per cent.| 
a ee BORO fecncass | boveewowewed 282 
Corn, Iowa Silvermine | = 493; i eens > Q Jeveeees phases 322 
(Zea mays), June 8 to pe poe e [one sess 33-4 |. --+-- pene ies hairs 334 
Sept. 26 7 1} 200 | 461. § |. 5.00. po | ee See ee 204 
lea raed ok a i ced Cee OO ee Joveeeeeeeees 284 
Poa? ag oe = ere Rove cucacec an 295 
ECT PEE eee Bennet Coe eeme| meee | ated enkined 302+7 
| = = —=— =— 
S08 fF 469.0) |... cess SR acc ccibe eden wears. 307 
a a eee | BQOZ fev ccces | oer 270 
Corn, Hopi (Zea mays), |} 297 | 516.8 |....... Wate Bile seca eer 254 
June 12 to Sept. 26. .|) 298 | 4x5.8 |.......] 113.4 ]....... | bratadows tes 273 
ro er (Ct S| en cer ree 303 
It 300 | 364.7 |....... ae | ae 305 
} | } |—_——_____—_|—— 
PNGos cy cewne es PB écten Bhatia ee eee ee Oe eT | 285+7 
| —= = = == 
265 | 243.5 Jrveeres MOT So cetiee veucdeneet 346 
Com, China White ye 577-0 Jrsceeee 154 Ree | CO eee es = 
(Zea mays), June 12 ) 727 | 3°99 |------> oat shabababehale Galatea Srametaiss 304 
to Sept. 2 we” ee ek | Serer ta ere 331 
gre ie we a ae SOG § GONG be coos BO tec ks cxalceseceucs veal 272 
ae A see 2 ee Cree eT 314 
| a a 
jo, ENE e Sei erernr Sear ope Boon gagak ae } 315+7 
206: | 370.6 |. 60020: 2 |) Se eee eae | 208 
Corn, Laguna (Zea | 290 | 261.2 |....... | Beers Ris aas 321 
mays), July 2 to |} 291} 268.9]....... OC Pi atun word 313 
WONG BO ce vescccvn 292 | 448. 1 |.....6: ry | Se DS ce eaanemenat 278 
LeCCa ae Cay 9 eer | eee pe | 279 
a eee | See ees 278 
nr OPES cee Trier fuiveuvoipaedeee eancces eS 295+6 
2 | i ve = 
Corn, Esperanza (Zea te 492. 3 a6 06.6 a6 | BEG. D fo cccccclevvcccsccces 232 
mays), June 12 to 4 30? | 5747 |--+++-> | 133-7 |---++-- Joven eee ees 233 
Sept. hipaa Coo eo ae | a | eee Prtestnnk vps 252 
SOR) SIGE? bes ccains | 122.7 |....-..Jeeeeeee -+-| 240 
, | | - 
MM 0c ceelies | Ce eet MEE | me hataatn cece oe | ptttee sees 2390+3 
1913. | | | 
ge So re Bi 8 eee iS ace lsrrledale | 423 
Corn, Bloody Butcher | 7 | al QOL. 5 |... 2. elec eee eeeeees 415 
7 oa |} 249 | 4586.6 )...... WUE ONS. oa ulesawcavenugs 413 
(Zea mays), June 7 | | 
to Sept ee 250) ) GOk Gi bs «+s<<% 2S See ere 385 
Pe tos Tea rai ol ee a | re ee een 368 
it 2562 | 456.8 ]....... | ne ae 428 
|  titteadeamate ecuediinia 
ei eevee: | weeued te caeecu cae ae Pere |. eeeveeees 405+7 
l{ 253 | 333-4 | 123-4 | 114.9 37 931 | 345 
Corn, Indian Flint || 754 | 397-9 163. 3 | 130. 5 41 800 328 
(Zea mays), June 7 |} 755 380. 6 | 263. 7 = 740 377 
to Aug. lleepetialtod |} 256 | 292.0] tor.6 | 108. 2 35 1, 064 370 
’ “"l) 257 | 335-1 | 135.2 | 118.7 ) 878 | 354 
| 258 | 350. 3 | 182.6 | 128.6 48 | 704 | 338 
pe eee Sanne. | sarees 854+30 342-+6 
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TABLE XIII.—Water requirement of different varieties of corn and teosinte at Akron, 
Colo., in 1912 and 1913—Continued 



























































| Water requirement 
Pot Dry based on— 
Plant and period of growth. No. - Grain. | Water. | Srain. | 
Grain. [pry matter. 
_—--- | —_—_—_—_—__ 
™Q13. Grams. | Grams.| Kilos. | Per cent. 
7 Re oe eee Oe Al EA Cea a 436 
Corn, Northwestern ” on 3 ee me H a) yee 
: ae 5 339. 0]... 2 eee 30. weer es: eee ee a 
5 ioe 28 a eee vo A 0s ee ee nae 451 
"""""1) 287 | 389.9 | 117.5 | 141.4 30] 1,203 363 
288 | 382.0 | 100.0 | 143.4 26 1, 434 375 
LL Cae eee Pitesonic oerras beeen te See 1,241+77 | 399412 
| —— | — 
| 
313 | 346. 7 PPM AIR TE cep 2a-e oc. Whe si cia tucalerera es 343 
: S04 | .400;0 |. 5.2555 RRR eis Peasigscahenk We Busser es 340 
Corn, Hopi (Zea mays), |} 315 | 472.5 ]|....... Me fairs e5. avail ovecscouieca aie aceee 360 
June 14 to Sept. 16..]] 316 | 417.1 PRIME Hs se sod psidia a's sms 352 
AUD bo Ss 50:50 i RRR ceticertrert rr etsor 403 
310 | OT0:'0: |. 6.0050: By al [ene Rea Cae ECE 300 
SO Serer Bcchccestr agro tatioi 6 ccscsen Peed otacetai ons Reetern ate ee aioe means teats 350 +8 
G0f. | S69 |. nccaes "Ae #2 Neem (a eee ae eae 411 
Corn, China White a i 5 pees = : BPN arate ane: ea are orev - 
Zea mays), June 30: 2.6 ]....... Be const mnie ot dstece wer 
2 Sept. ”) J Knees sf BOd. | SOO 8 bocca RAM se espace ciesrecisein 387 
Cae |: oy a ee OR ie pois satel aa aiasiaaelescs 415 
oe i a a re BIO Bs canis xweoiesrys 433 
EARP COPRSCE Sy (Grrsmria 4 ACCRA [teh | te carte eae) bred ears a | 41s +4 
; 25 | GIO. & |..60.0 50: SE: | See Aenea er ary 380 
Teosinte, Durango || 290 | 534.5 |....... MINOR oancursiimnne rene 396 
(Euchlaena mexi- |} 291 | 624.5 ]....... CB RIPE AGS (Coram erate eraser 310 
cana), June 14 to |] 292 | 567.3 |....... ORS St ARR | AP aera eng 408 
Loe |: a reg eer S03 | S005}. occ i A SR (eae aa are 412 
oe i: ae ee Oe Bl PREC ne| Crean Rear 435 
nr TS RSS Sears Cee e: Parents Gear ks Sy araarwatere te 390411 
SORGHUM 


The investigation of the water requirement of the sorghums (Table 
XIV) is of special interest, owing to the marked efficiency exhibited by 
this group of plants in the use of water. The eight varieties grown at 
Akron in 1912, together with the water requirement based on the pro- 
duction of dry matter, follow: 


Variety of sorghum Water requirement 
NN ood soca Weak aWeGaeedbelntevaecn ens 22341 
oe A ee ae en oe e Ore cee hee Tee 23744 
MONOD 6 5555s cis So bina'sihue SAO eteNe INIA etree eae 2392 
RN os icc raat ascwevin' o's disc naa era's Ss mr Sue Fae NOTES PTO 249+3 
NN NE big 5 ad ahi dieing 9 AAS Rea ER Rare) wine einns 255143 
CL een eT ee Ser et ore hak ere eee 259+5 
LO ee ee err rrr re ee 27344 


EL Oe ee ee eee 35942 
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The Brown kaoliang gave the lowest water requirement. Red Amber 
and Minnesota Amber, forage varieties of sorghum (Pl. IV, figs. 4 
and 5), gave practically the same ratio, which is but slightly higher than 
Brown kaoliang. 


TABLE XIV.—Water requirement of different sorghums at Akron, Colo., in 1912 and 1913 





















































Water requirement 
‘ based on— 
Plant and period of growth. ym Grain. | Water. | Grain. eee) me! 
Grain. Dry matter. 
Igi2. Grams. | Grams. | Kilos. | Per cent. 

253 | 400.5 | 43-8] 103.1 Il | 2,351 258 
Red Amber, S. P. I. || 254] 541.7] 41.5 | 133.8 8 | 3,221 247 
17543 (Andropogon |) 255 | 592.0] 58.1 | 135.5 10 } 2, 331 229 
sorghum), June g to || 256 | 660.5 | 95.4 | 144.8 14 | 1, 518 219 
WG 27s cee uevnn es 1] 257 | 564.0] 44.3 | 135.1 8 | 3,050 240 
258 | 714.2] 93.5 | 161.0 13 | I, 722 | 226 

OO cane wcex sles sc cabhe tans dlbuenes sie weveeninuavent 2, 366+194 23744 
: 247 | 666.6 | 272.6 | 151.2 41 554 | 229 
Minnesota Amber, A. || 248 | 370.6 | 139.9 | 80. 6 38 645 | 242 
D. 1. 341-13 (Andro- |} 249 | 543.0 | 218.4 | 128.1 40 586 236 
pogon sorghum), || 250 | 461.3 | 168.1 | 110.6 37 658 240 
June 9g to Sept. 26...|] 251 | 456.6 | 195.7 | 110.3 43 564 242 
252 | 425.3 | 163.3 | 103.6 38 634 244 

Lo ee eee CTE Ree ee eer Perr 607 +15 | 239+2 
217 | 434.5} 83.0] 115.1 19 | 1, 387 265 
Milo, Dwarf, S. P. I. || 218 | 370.2] 79.9 | 102.0 22 | 1,276 | 275 
24970 (Andropogon |} 219 | 334-3 | 55-3] 90.6 17 | 1,638 | 271 
sorghum), June g to |) 220 | 403.7 | 78.5] 105.7 19 | I, 347 | 262 
OO BF onc vtarreaes 221 | 420.1 | 84.5 | 110.2 20 | I, 304 | 262 
222 | 301. 2 64. 5 91.8 21 | 1,422 305 

PROMI ots ccveupenbe eae eekeweuse cas cacbroweuadieeeneet I, 396434 27344 
223 | 475-4 | 60.0] 125.6 13 | 2,092 | 264 
Milo, S. P. I. 24960 || 224 | 440.4] 85.7 | 103.7 19 | 1,210 235 
(Andropogon sor- 225 | 472.5 7-9 | 114.5 17 | 1,470 | 242 
ghum), June 9g to |) 226 | 488.9 | 114.0] 123.3 23 | 1,081 | 252 
a, eee ey 227 | 499.9 | 116.0 | 123.0 23 | 1,060 | 246 
228 | 509.9 | 79.6 | 128.8 16 | 1,618 | 253 

MND sicis dn sicais OT ee TE re | | eee: I, 422+115 | 249+3 
; 235 | 506.9 | 138.7 | 129.3 27 | 925 255 
Durra, White, S. P. I. || 236 | 568.9 | 142.7 | 142.1 25 996 250 
24997 (Andropogon |} 237 | 432.9 | 85.6] 106.7 20 | 1,246 | 2497 
sorghum), June g to || 238 | 384.6] 63.5] 105.1 17 ; 1,656 273 
a) Ae eee ...{] 239 | 406.2 | 7811] 99.4 19 | 1,273 | 245 
240 | 449.6 | 108.6 | 115.9 24 | 1,067 | 258 

| Seen Rice chbeve oneereds Kiiewedalxeee as 1,194+75 | 25543 

| 241 | 588.9 | 144.8 | 134.0 25 925 228 . 
Kaoliang, Brown, S. P. |} 242 | 411.1 | 108.8] 94.8 26 870 230 
I. 24993 (Andropo- || 243 | 548.9 | 125.3 | 120.5 23 ‘962 220 
gon sorghum), June |) 244 | 556.0 | 126.0 | 123.8 23 982 223 
g to Sept. 26.........] 245 | 526.0] 171.0] 116.8 33 683 222 
1 246 | 571.8 | 108.7 | 123.9 19 | 1,140 217 

rere ae err eee oe 927+38 
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TABLE XIV.—Water requirement of different sorghums at Akron, Colo., in 1912 and 





















































1913—Continued 
| Water requirement 
| | based on— 
Plant and period of growth. | Pot Dry Grain. | Water | Grai pai 
ant and period ol grow Ze No. matter. z . ater, sfain. ES eee 
| | | Grain. Dry matter. 
eaeas renee rote eee | 
IgI2. Grams. | Grams. | Kilos. | Per cent.| 
| "2 ] | 2()2 
. 229 247.0 Jereeeee (te Se Cees Cae ae ee 292 
Kafir, Blackhull, || 230 | 409.1 |....... ay a re | Sea ae A 265 
S. P. I. 24975 (An- || 231 | 494.5 |....--- Back cote tewnaannces 241 
23 : A 
dropogon sorghum), 232 | 413.0 Heo cceten DPE ors cureairns ee 246 
June g to Sept. 27..../] 233 | 363-3 | sihioniventa OE Oa icpazc chess sores a 253 
234 | 377-1 | pateete oe (Ae goers. 258 
— seein —_————— 
ee eee sunk dudeae ies? ve Sata | BS iicstrenah anes | 259+5 
: " <r G08 |eicsacs Boe see 
Sudan grass, S. P. I. |{ 24% | 19° . | 9 
Rie F O59. | BOOKA: [is cae 0) eee oer cere 314 
25017 (Andropogon 181. 8 | 50. 4 oo 
sorghum aethiopicus), |} 213 < ieeeke © -<-< aha akeeanies: 3 
3 is : 214 | 205. 8 | see eeee RES Bee | ner erer ara ear 308 
first crop, May 28 to 62.8 
July 26 215 | 215.9 ]....... 2 a | eter Ge eee oe eee 2096 
et ere 216 sind eadies NG eh secrets sncanack ween 308 
DN Genin Gael eee eter, Saree Meiers ar Raker | eeocearaata ea 31243 
| ——_—_—__=_==—_—_—_=_—_—_—_—=—— 
arr | 100.7 |...... 33k 2 GAN ene (Ape oe eae te 432 
Sudan grass, S. P. I. 212 94- ° Jrveeees BIC os yee k Rie Fak Mae eh a 463 
inal si . 213 a |e Nt (CRORE cs (Cae nara ey 467 
25017, second crop, as 1 tk 6 | 45. ¢ : 
July 26 to Sept. 6....|| 774 see 59 Be Bee ey ae 43 
215 al ee Be) Pie keeele ce rata ncwes 472 
216 88.0 | TRON MR os hes sles cn cas 489 
a PURE ROTTER, Mane eae | Saat Ee eee re) Mes er ee 45947 
211 | 297.3 | peace eS a ee eS 359 
Sudan grass, S. P. I. |] 212 | 303.4 |.....-- ee a ee Tye torrente 360 
25017, combined |} 213 | 277.4 |....... Ses. <sca'crs Pema en acea 375 
crop, May 98 to |) era | $19: 3 |....... WS osiccwteeareiee sen 350 
RODE. Goo ceases sen alf BEC T GOO® |. oi “1 hl ae | eee era 348 
216 | 310.6 |- 111.6 | ee 360 
| as Hts 
aire A ee Pao Ceres a yee ; er 35942 
| | — id, Ly 
1913. | | | 
Sorghum, Minnesota s 597: . pee aed Be ogg, 38 17? 295 
266 | 585.0 | 256.9 | 181. 4 | 44 706 310 
Amber, A. D. I. ote | men. Bl eae aon. a | . es po 
341-13 (Andropogon Soe oer | 235-4 174 | 4 754 99 
. : ; 268 | 677.5 | 263.0] 203.1 | 39 773 O01 
sorghum), June 14 to vl et MRE 6. « | re 82] 7 
Sept. © pp hiaOn, 209 | 577-9 | 204. 0 107-5 35 21 290 
: 270 | 643.0 | 150.7 | 189.7 | BG bssccees 295 
i eee ae? sdasiterema rena ten eee eee beowen 765+12 298+2 
| | | | — SSS 
277 | 689. 7 | 209. 4 | 200. 5 30 958 2gI 
Sorghum, Red Amber, || 278 | 670.7 | 190.6 | 196.0 | 28 | 1,028 292 
S. P. I. 17543 (An- |} 279 | 636.2 | 160.2 | 187.9 25 | 1,172 295 
dropogon sorghum), |} 250 | 644.1 165.6 | 193.9 26 | 1,170 301 
June 7 to Sept. 15...|} 281 | 682. 3 | 187.4 | 200.5 23 | 1,070 294 
282 | 749.7 | 187.8 | 225.2 25 | 1,199 301 
PMANS oho eevee lta Rr eeecrr reer: renee 296+1 


























Oct. 15, 1954 Water Requirement of Plants 23 





The least efficient variety tested in the sorghum group is Sudan grass 
(Pl. V, fig. 1), a forage plant which has recently received consider- 
able attention in the southern Great Plains. Only one year’s meas- 
urements are available for Sudan grass, but the results so far indicate 
that it is not the equal of other well-known varieties of sorghum in 
efficiency in the use of water. Sudan grass required 40 per cent more 
water than Brown kaoliang for the production of the first crop. 
The second crop was light at Akron and had a much higher water require- 
ment. On the basis of the two cuttings combined, the water require- 
ment of Sudan grass was 62 per cent higher than Brown kaoliang. Asa 
forage crop, however, the shorter and more slender stalks of Sudan grass 
may offset the disadvantage of its higher water requirement. 

In the production of grain the Minnesota Amber! variety gave the 
lowest water requirement ratio so far recorded for a sorghum crop, viz, 
607+15. The Minnesota Amber produced a pound of grain at Akron 
in 1912 with less water than was required by alfalfa in the production of 
a pound of hay. The high water requirement for grain production in 
Red Amber sorghum, Dwarf milo, milo, and White durra (Pl. IV, 
fig. 3) is largely due to an attack of aphids, which caused many of the 
flowers to fail to produce seed. The parasites were killed by spraying 
early enough to prevent any serious reduction in total growth. 

The 1913 water requirement measurements of sorghum were confined 
to two varieties, Red Amber and Minnesota Amber, both of which were 
included in the 1912 measurements. The two varieties gave in 1913 
practically identical water-requirement ratios—namely, 296+1 and 
298+2. The results from individual pots were in excellent agreement 
as indicated by the small probable error. A similar agreement was 
observed in 1912. Each variety in 1913 showed an increase of 25 per 
cent in the water requirement as compared with 1912. 

A series of water-requirement measurements were made at Amarillo, 
Tex., in 1913, for the purpose of determining the influence of climatic 
environment on the water requirement. These measurements also 
included a number of sorghum varieties, the water requirement of which 
had never before been determined. Plants have a higher water require- 
ment at Amarillo than at Akron, so that measurements of different 
plants at the two stations are not directly comparable. The water 
requirement of Red Amber and Minnesota Amber sorghum was meas- 
ured at both stations in 1913, and the ratio of these measurements affords 
a means for reducing the Amarillo values to the basis of the Akron meas- 
urements. The mean water requirement of these two varieties at Akron 
was 85 per cent of that at Amarillo. The Amarillo water-requirement 
measurements as given in Table XVI have been reduced accordingly 





! This variety was represented by a strain selected for its drought resistance by Mr. A. C. Dillman, of the 
Office of Alkali and Drought Resistant Plant Investigations. 
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for comparison with the Akron measurements. The computed values 
for Akron are given in Table XV. 


TABLE XV.—Observed water requirement of varieties of sorghum at Amarillo, Tex., and 
computed water requirement for Akron, Colo., in 1913 





Observed Computed 
eres wat t 
Variety. ooaiiamaues: eeiuamenh 
at Amarillo. for Akron. 
Dwarf Blackhull kafir..........) 33543 28543 
ee 34944 29744 
Early Blackhull kafir.......... 356+15 302 £13 
WO I 555 a5 sok eco ai eceas 37343 31743 
PRO MEER 66.5 5 ss cncesOdn awe 37845 321+5 
PREP O gi ash aonre nes TORS 380+4 32344 

















It will be noted (Table XV) that Dwarf Blackhull kafir and Minnesota 
Amber sorghum were the most efficient in the use of water of the eight 
varieties of sorghum tested at Amarillo in 1913. The least efficient was 
feterita. The kafirXdurra hybrid had practically the same water 
requirement as feterita. The latter has been extensively featured 
recently as a drought-resistant crop particularly adapted to the South- 
west. It does not appear, however, that its drought-resistant qualities 
are ascribable to an efficiency in the use of water, this variety being the 
highest in water requirement of all the sorghums tested at Amarillo in 
1913. Vinall and Ball (1913, p. 27) have suggested that the success of 
feterita during recent dry years has been due to a thin stand resulting 
in part from poor germination. When grown under identical conditions 
as to stand, it showed no greater drought resistance than milo or kafir. 


TABLE XVI.—Water requirement of sorghum at Amarillo, Tex., in 1913 


















































| Water — -amje, 
je : | | based on— 
Plant and period of growth. a a.m Grain. | Water. Grain. | ae 
| Grain. Dry matter. 
1913. | Grams. | Grams. | Kilos. | Per cent. 
E l{ 43 | 717-4 | 159.3 | 267.8 22 | 1,680 373 
Sorghum, Red Amber, || 44 682.2 | 137.9 | 262.4 20 | I, 904 385 
S. P. I. 17543 (An- |] 45 | 723.6] 205.9 | 268.0 28 | 1, 302 371 
dropogon sorghum), |} 46 | 701.9 | 117.4 | 256.2 Ty | 2, 382 365 
May 15 to Aug. 20... 47 | 741-3 | 197-0 | 270.7 27 | 1,374 365 
48 | 768.7 | 208.7 | 272.9 27 | 1, 306 355 
ES reer. Mee met. eee er ero | ener: 1,625+112 | 369+3 
: , 49 | 590.2 | 233.2 | 196.2 39 841 332 
Sorghum, Minnesota so | $88.3 | 295.4 | 196.6 $0 666 334 
Amber, A. D. I. 341- . 
. ce 51 | 612.7 | 291.9 | 199.7 48 685 326 
13 (Andropogon sor 
5 tit. 52 | 646.0 | 308.9 | 208.1 48 674 322 - 
ghum), May 15 to a 
Aug. 8......... bee 53 | 577-1 | 264.5 | 201.0 46 760 348 
” 54 | 649. 5 | 288.9 | 211.1 44 731 325 
| 
OID ic scestca crac | OER OER Te TORE UE 726+19 3313 
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TaBLeE XVI.—Water requirement of sorghum at Amarillo, Tex., in 1913—Continued 




























































































| | Water requirement 
P | based on— 
Plant and period of growth. Ag B.. B Grain. | Water. | Grain. ; rs 
} | Srain. Dry matter. 
1913. Grams. Grams. | Kilos. | Per cent. 
: mn 61 | 464.5 | 80.4 | 173.5 17 | 2,159 374 
Milo, White, C. I. 365 62 | 481.1 | 107.3 | 166.3 22 | 1,550 346 
(Andropogon _ sor- 63 | 453-0 | 75-6] 171.9 17 | 2,272 380 
ghum), June 7 to 64 | 470.0 | 108.4 | 176.4 23 | 1,626 375 
BUG. 29... ..scenoft Fl ees) Fa6 | Ke 18 | 2,148 380 
66 | 471.1 | 112.2 | 179.6 24 | 1, 6or 381 
NN oe He co Cat acataucbrcaaeeupeneescetencewes 1, 8934113 | 37343 
67 | 587.4 | 182.7 | 198.6 31 | 1,087 338 
Kafir, Early Black- 68 | 577.8 | 178.6 | 207.3 31 | 1, 160 359 
hull, C. I. 472 (An- 69 | 599.4 | 235-7 | 197.6 39 839 330 
dropogon sorghum), 70 | 530.6 | 193.4! 169.8 36 878 320 
June 11 to Sept. 16... 71 | 440.2 | 220.2 | 206.9 50 940 47° 
72 | 603.4 | 199.8 | 192.1 33 962 319 
PN E iccden eden ey rales tale cls usin teeeas cana eed 978+37 356415 
73 | 592.5 | 254.0] 190.8 43 752 322 
Kafir, Dwarf Black- 74 | 621.6 | 276.1 | 200.0 44 724 322 
hull, C. I. 340 (An- 75 | 562.7 | 205.2 | 191.5 36 934 340 
dropogon sorghum), 76 | 586.7 | 260.0 | 197.9 44 761 337 
June 11 to Sept. 16.. 77 | 544.8 | 195.6] 191.7 36 980 352 
78 | 559.3 | 152.7 | 187.0 27 | 1,223 334 
| Pee Poe eee eee ene wae 896+57 33543 
79 | 555-3 | 185.9 | 201.7 33 1, 086 | 363 
Kafir, White, C. I. 370 80 | 546.2 | 106.4 | 200.1 19 |@ 1, 882 | 366 
(Andropogon sor- 81 | 571.8 | 210.8 | 198. 5 37 942 | 347 
ghum), June 11 to 82 | 584.2 | 248.7 | 198.0 43 796 | 339 
sept. 22.............[] 83 | 569.6 | aar.0]| 194. 3 39 879 | 341 
84 | 579.6 | 228.3 | 195.9 39 858 |} 338 
Pica eee os sve Gabe he wand ae ks Peewee ad Rie aaeey | 912+34 | 34944 
{ 85 | 552.0 | 226.5 | 200.1 41 884 363 
KafirXdurra, hybrid 86 | 538. 4 | 215.3 | 193.1 40 898 358 
198-15-3 (Andropo- 87 | 539-7 | 217-6 | 199. 1 40 916 369 
gon sorghum) June 11 \ 88 | 515.0 | 206.6 | 194.7 40 942 378 
WO WEPE, G8. ..c 0s c0s |} 89 | 510.7 | 179.5 | 197.1 35 | 1,098 386 
IL 90 | 471.5 | 158.1 | 194.0 23 I, 226 4It 
| 
MM wintdcce: ae RROD ER! Niet Sop wees. | 994442 | 37845 
| QI | 547.8 | 181.3 | 212.1 33. | 1,170 387 
: | 8s. 235.8 | 216.0 ° | 916 369 
Feterita, C. I. 182 (An- 92 | 595: 4 | 235 | = ; 9 
dropogon sorghum) 93 | O19. 3 | 256.9 | 226.9 - a4 306 
June 11 to Sept 18 94 | S3t- 3 | 810.9 | 206.3 = 979 388 
ory 95 | 562.8 | 210.2 | 208. 5 37 992 370 
96 | 512.0 | I91. 3 | 203.8 37 1, 064 } 398 
5 Peer ere ers | hv es ew.aleweanebas be deen ewes 1, 00or+29 380+4 
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for comparison with the Akron measurements. The computed values 
for Akron are given in Table XV. 


TABLE XV.—Observed water requirement of varieties of sorghum at Amarillo, Tex., and 
computed water requirement for Akron, Colo., in 1913 

















Observed Computed 
— t t 
Variety. ooemiament uate: 
at Amarillo. for Akron. 
Dwarf Blackhull kafir..........} 33543 285+3 
| eT EE Cre 34944 290744 
Early Blackhull kafir.......... 350+15 302413 
WE MED a5. 0s cs ei4 bs 0a steel 37343 31743 
Te Cr 37845 321+5 
a RIES Cn ene 38044 32344 








It will be noted (Table XV) that Dwarf Blackhull kafir and Minnesota 
Amber sorghum were the most efficient in the use of water of the eight 
varieties of sorghum tested at Amarillo in 1913. The least efficient was 
feterita. The kafirxdurra hybrid had practically the same water 
requirement as feterita. The latter has been extensively featured 
recently as a drought-resistant crop particularly adapted to the South- 
west. It does not appear, however, that its drought-resistant qualities 
are ascribable to an efficiency in the use of water, this variety being the 
highest in water requirement of all the sorghums tested at Amarillo in 
1913. Vinall and Ball (1913, p. 27) have suggested that the success of 
feterita during recent dry years has been due to a thin stand resulting 
in part from poor germination. When grown under identical conditions 
as to stand, it showed no greater drought resistance than milo or kafir. 





TABLE XVI.—Water requirement of sorghum at Amarillo, Tex., in 1913 





























l Nl 
| | Water requirement 
; Pot _— ; ' , | based on— 
Plant and period of growth. | No. | matter. Grain. | Water. | Grain. si acini 
| Grain. Dry matter. 
1913 | Grams. | Grams. | Kilos. | Per cent. 

\{ 43 | 727-4 | 259.3 | 267.8 22 | 1,680 373 

Sorghum, Red Amber, | 44 | 682.2 | 137.9 | 262.4 20 | I, 904 385 
S. P. I. 17543 (An- |] 45 | 723.6 | 205.9 | 268.0 28 | 1, 302 371 
dropogon sorghum), || 46 | 701.9 | 117.4 | 256.2 17 | 2, 182 365 
May 15 to Aug. 20... 47 | 741.3 | 197-0 | 270.7 27 | 1,374 365 
48 | 768.7 | 208.7 | 272.9 27 | 1,306 355 

re eae Parvererss Ceres err ee Lie: ks aoa rare Weroee 1,625+112 | 36943 

1 _—" ts 49 | 590.2 | 233.2 | 196.2 39 841 332 
—. A. ym 50 | 588.3 | 295.4 | 196.6 50 666 334 
13 (A ndropogon sor- St | O12. 7 | 991-9 | 1997 48 685 326 

em), May t 52 | 646.0 | 308.9 | 208.1 48 674 322 - 

ghum), May 15 to || »° 6 6 6 8 

BEE Ses cscuneceeese 1 Signet oes ss 4 eed 34 
It 54 | 649. 5 | 288.9 | 211.1 44 731 325 

Piso wie ees sis |wisisia steboe.co' = in Beeenc Gamers ceri: 726419 
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TABLE XVI.—Water requirement of sorghum at Amarillo, Tex., in 1913—Continued 




































































Water requirement 
| based on— 
Plant and period of growth. eg onus Grain. | Water. | Grain. iz Silom erect eer 
Grain. Dry matter. 
1913. Grams. | Grams. | Kilos. | Per cent. 
; y 61 | 464.5 | 80.4 | 173.5 17 | 2,159 374 
Milo, White, C. I. 365 62 | 481.1 | 107.3 | 166.3 22 | 1,550 346 
(Andropogon _ sor- 63 | 453-0 | 75-6] 171.9 17 | 2,272 380 
ghum), June 7 to 64 | 470.0 | 108.4 | 176.4 23 | 1,626 375 
Aug. 22............-41 65 | 449.3 | 79.6] 1709 18 | 2,148 380 
66 | 471.1 | 112.2 | 179.6 24 | 1, 6or 381 
b POP CETCE EE) COREL) TOT) eee CEE CONTR 1, 8934113 | 37343 
67 | 587.4 | 182.7 | 198.6 31 | 1,087 338 
Kafir, Early Black- 68 | 577.8 | 178.6 | 207.3 31 | 1, 160 359 
hull, C. I. 472 (An- 69 | 599.4 | 235-7 | 197.6 39 839 330 
dropogon sorghum), 70 | 530.6 | 193.4! 169.8 36 878 320 
June 11 to Sept. 16... 71 | 440.2 | 220.2 | 206.9 50 940 47° 
72 | 603.4 | 199.8 | 192.1 33 962 319 
LORE, LTR TT) | eee] TR eree| eee y 978+37 356415 
73 | 592-5 | 254-0 | 190.8 43 752 322 
Kafir, Dwarf Black- 74 | 621.6 | 276.1 | 200.0 44 724 322 
hull, C. I. 340 (An- 75 | 562.7 | 205.2 | 191. 5 36 934 340 
dropogon sorghum), 76 | 586.7 | 260.0} 197.9 44 761 337 
June 11 to Sept. 16..|} 77 | 544.8 | 195.6 | 101.7 36 980 352 
78 | 559-3 | 152.7 | 187.0 27 | 1,223 334 
WI 6 obs wine Lb cftcss valree ue culesea uestbosecesieeceuied 896+57 33543 
; 79 | 555-3 | 185.9 | 201.7 33} 1,086 363 
Kafir, White, C.I. 370 80 | 546.2 | 106.4 | 200.1 19 |@ 1, 882 | 366 
(Andropogon sor- 81 | 571.8 | 210.8 | 198. 5 37 942 347 
ghum), June 11 to 82 | 584.2 | 248.7 | 198.0 43 796 339 
Sept. 22............-|| 83 | 569.6 | 221.0 | 194.3 39 879 341 
84 | 579.6 | 228.3 | 195.9 39 858 | 338 
PLE EE CRE! SOE SET ENE! LAE re | 912+34 34944 
85 | 552.0 | 226.5 | 200.1 41 884 363 
KafirXdurra, hybrid 86 | 538.4 | 215.3 | 193.1 40 898 358 
198-15-3 (Andropo- 87 | 539.7 | 217.6] 199.1 40 916 369 
gon sorghum) June 11|) 88 | 515.0 | 206.6 | 194.7 40 942 378 
Sept. 97.......... |! 89 | 510.7 | 179.5 | 197.1 35 | 1,098 386 
\{ go | 471.5 | 158.1 | 194.0 23} 1,226 4It 
jee | Seer Saeeeed Sonne Sennen Cnn | 994+ 42 37845 
gt | 547.8 | 181.3 | 212.1 33.| 1,170 387 
: . 92 | 585. 4 | 235.8 | 216.0 40 916 | 369 
Feterita, C. I. 182(An 93 | 619.3 | 286.9 | 226.9 a | 884 | 366 
dropogon sorghum) < 
June 11 to Sept. 18 94 | 531.1 | 210.9 | 206.1 41 979 388 
ray 95 | 562.8 | 210.2 | 208. 5 37 992 370 
96 | 512.0 | 191.3 | 203.8 37 | 1,064 | 398 
Mc Cin smclods owners ieee oor eae eee | I, 001+29 380+4 
| 














@ Omitted in computing the mean. 
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MILLET AND PROSO 


These plants are remarkable in that they outrank all others so far 
tested as regards efficiency in the use of water (Table XVII). The four 
varieties grown at Akron in 1912 gave the following water requirement, 
based on the production of dry matter: 


Variety of millet or proso Water requirement 
Pn es is ibs screeds Won Sw BoD E Ree BEEN 187+2 
oo a ee ee Sern eae Sra Tear ree ew race at 206+1 
NINO Fo gic ie CAR RN SS clog as OSM SO 208+1 
OIE E00) 2m Zit cavcrty-npiastarig ax abner eee dda CURIS 248+7 


Kursk millet (Pl. V, fig. 3) represented by a strain developed by 
Mr. A. C. Dillman, of the Office of Alkali and Drought Resistant Plant 
Investigations, gave the lowest water requirement so far recorded for 
any crop at Akron. The two prosos, Tambov and Voronezh (PI. V, 
fig. 2), have a water requirement about 10 per cent higher than the 
Kursk, while German millet is 33 per cent higher than the Kursk. Aside 
from the German millet, all of the varieties tested have a water require- 
ment distinctly below the best of the sorghums, the group ranking next 
in efficiency. 


TABLE XVII.—Water requirement of different millets and prosos at Akron, Colo., in 
1912 and 1913 















































| | Water requirement 
P. | ieee based on— 
Plant and period of growth. a | ene: | Grain. | Water. | Grain. | = 
| Grain. Dry matter. 
IgI2. Grams. | Grams. | Kilos. | Per cent. 
205 | 190.7 66. I 36. 7 35 555 192 
Millet, Kursk, S. P. I. |] 206 | 320.0] 119.1 | 58.9 37 494 184 
34771 (Chaetochloa |} 207 | 241.7 | 102.6] 44.1 42 430 182 
italica), June g to |) 208 | 192.5] 78.4] 36.1 41 461 188 
fT a aaa, | (Ee 178.9 | 66.5] 32.6 37 490 182 
210 | 332.6 | 139.3 | 65.0 42 407 195 
POUL a5 «Bind hin aids telat ae laser Waele aay ieee oe 483411 187+2 
2 | ‘mma te = 
; : roy | erg. x Jrveeees og al Pree Hisritldcatiicbire 237 
Millet, German, S. P. I. |] 188 | 202.6 |....... ce Serre | 231 
26845 (Chaetochloa 189 | 140.0 | eeu. as f 280.1. | 242 
italica), July 2 to |) 190] 350.3 |....... rea [Sere 235 
ENOTES. cecisaaa st Wh Ot 09S fooc en | 22.4 | ee oy ReSarey 242 
| 192 ee eer ny St gl] See Lae 301 
| See = 
| 
BR Socata cclont ean 1 he ers Desa scraeaea | o pustly mea p este yiete weer 248+7 
193 | 255-3 | I11.0 54.8 43 494 214 
Proso, Tambov, S. D. |} 194 | 342.9 | 162.4] 68.0 47 419 198 
366, Akron, 366-1-10 |} 195 | 190.0] 80.7 39. 7 42 492 209 
(Panicum miliaceum),|) 196 | 317.6 | 140.2 | 66.5 44 474 209 
June 8 to Aug. 12....|] 197 | 336.2 | 142.8 70. I 43 491 208 
198 | 282.7 | 112.6] 58.9 40 523 208 
PRN esis LGievdtal ses aide Chem on eeterten ea aes 
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TABLE XVII.—Water requirement of different millets and prosos at Akron, Colo., in 
1912 and 1913—Continued 


























| | Water requirement 
P ios | | based on— 
Plant and period of growth. a sume. Grain. | Water. | Grain. | ee 
| Grain. Dry matter, 
ss iinscsasl a = wes 
| | 
1912. Grams. | Grams. | Kilos. | Per cent.| 
199 | 238.7 | 114.2 48. 9 | 48 | 428 205 
Proso, Voronezh, C. I. || 200 | 296.1 | 143.7} 61.2 | 48 | 426 207 
16 (Panicum milia- |} 201 | 281.9 | 135.6] 56.8 | 48 419 201 
ceum), June 5 to Aug. 202 | 298.5 | 149. 5 59. 9 50 401 201 
Se ree tee | 203 | 250.1 | I19.4 53-7 47 45° 210 
|\ 204 | 273-0 | 133-2 | $7.0 49 | 428 209 
| Ses panes 
PROM esate Ox Pexdic gine rew espace meu brnes om atee teees | 425+4 206+1 
Igt3. | 
‘ 259 | 174.8 | 37.1 | 489 21 1, 318 280 
Kursk, S. P. I. 3477 260 | 281.7 | 76.1] 807 27 | 1,060 286 
(Chaetochloa italica), |} 261 | 175.4 | 71.6] 505 41 705 288 
June 14 to Aug. 26. .|) 262 | 183.3] 319] 51.3 GP bicdines 280 
263 | 250.6; 33.4| 66.3 oS oe 265 
264 | 201.8 | 74.0] 63.5 37 | 858 315 
PG és o's Snabeetemered Jeseeees fxs sancdietsnomebaasae se |. hibwes 286+4 
| | | 














In grain production the millets make a remarkable showing, the 
prosos leading in this respect. Measurements of the water require- 
ment of the three varieties, based on grain production, gave the follow- 
ing results: 


Variety of millet or proso Water requirement 
Voronezh proso. . CHA eS elena a nea Rae e a Awe aN wate: . 425+4 
MMMM TRON vce PCs cols eeueTe ee meee eceee ees wees. 482409 
WES GUANINE go cccs hak Cae nce Roun ce bw Rael ds ween REES 48311 


Voronezh proso, according to these figures, is able to produce nearly 
2 pounds of grain with the water required for the production of 1 pound 
of alfalfa hay. 

Kursk millet was also included in the 1913 measurements. Its water 
requirement was 286+ 4, or 53 per cent higher than in 1912. Many of 
the plants were broken by a high wind shortly before harvest, which 
greatly reduced the grain yield. The mean water requirement, based on 
grain production, has consequently been omitted. 


LEGUMES 


The legumes tested at Akron in 1912 included sweet clover, chick-pea, 
and two strains of Grimm alfalfa, one being a selected strain (PI. V, 
figs. 4 and 5) developed by Mr. A. C. Dillman. Both the alfalfa and 
the sweet clover showed a marked reduction in water requirement 
compared with the results obtained in 1911. Three cuttings were made 
in the case of each crop, but the plants were not mature at the time 
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the last cutting was made. The following values (Table XVIII) were 
obtained for the water-requirement ratio: 


TaBLE XVIII.—Summary of water-requirement measurements of legumes at Akron, 
Colo., in IgI2 











| Cutting. 
Crop. 
First. Second. Third. Combined. 
BURSy CANO ois 5:cccess chest adss acwen 592413 | 79010} 506+5 65946 
Alfalfa, Grimm, A. D. I. selection...... 6Goot17 |} 853413 | 421410 657411 
SUPE NOEGS os civics cco n seas sant 547412 | 677414] 598418 638+4 
RID MIIER  ui.cy Siwy sworeraa scene eatereer Caeser region aac 510+14 

















The two alfalfas and the sweet clover were planted on the same day, 
and the crops in each instance were all cut on the same day, so that the 
results in the Table XVIII are comparable. The A. D. I. strain of 
Grimm alfalfa gave a slightly higher ratio than the unselected Grimm 
during the second period, but lower during the third period, when it made 
a better growth. (See “Dry matter,’ column 3, Table XIX.) Sweet 
clover, as in 1911, proved somewhat more efficient than alfalfa during 
the first and second periods. During the third period sweet clover was 
less efficient than alfalfa. 

The chick-pea proved the most efficient of the legumes tested. Its 
growth period does not coincide with that of the other legumes, but 
approximates a combination of the first and second periods. (See Table 
XIX.) It thus appears to be distinctly more efficient in the use of water 
than either alfalfa or sweet clover. Chick-pea has, however, a relatively 
high water requirement compared with the small grain crops, which is in 
accord with Leather’s measurements (Leather, 1910, p. 156). 


TABLE XIX.—Water requirement of different legumes at Akron, Colo., in 1912 
































| "Water requirement 
. based on— 
Plant and period of growth. _ B.. a Grain. | Water. | Grain. 
Grain. Dry matter. 
Igi2. Grams. | Grams. | Kilos. | Per cent. 
pe A ec ec a ae Of Ca reer eT 548 
Alfalfa, Grimm, S. P. || 128 | 118.5 ]....... Bal cca nrattre tees os a tact 652 
I. 25695 (Medicago |} 129 | 141.4]....... at ah eee ae Rae 609 
sativa), first crop, |] 130 | 124.2 |....... a eee ioe oa Gl ee 602 
May 23'to firly 26...../1 23 | 278.4 fesse ous 59. 9 | peataess Fete elo ers 533 
oe ca 2 See 950 |osses. Geeececrriace 606 
eT eee TTT! OEerer Sear ere | oer Serer ..| 592cb13 
cae) 2 ee net SEE HOON Cen 796 
” | > 
Alfalfa, Grimm, second ROG 1 O88.5 15.005 i 862 
crop, July 26 to Sept ae) a a Ree BS tice tints sic sraceceen 781 
6 Ps "TP 830] 28560 J. scene a a Oe ee sian 790 
ge ad ee ae Co a BS a 6 ea Oe Seamer eres ey 
L239 008.3 ]...055)5 125.8 Jo... .. [ee eee seen ees 748 
SCTE Pee es eee TREES See er eee ce ere 790+10 
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TABLE XIX.—Water requirement elie rent siesta at Akron, Colo., in r9t2—Contd. 





Plant and period of growth. 





IQI2. 


Alfalfa, Grimm, third 
crop, Sept. 6 to Nov. 


Alfalfa, Grimm, com- 
bined _ veel 23 
to Nov. 4.. P 


Alfalfa, Grimm A. D. I. 
E-23-20-52, first 
crop, May 24 to July 

26 


Pot 
No. 





133 

Alfalfa, Grimm, second |} * 34 

crop, July 26 to a 
Mie Ouicccoseneocs 3 

137 

138 

dn Pr NY Ce 

133 

Alfalfa, Grimm, third || 754 

crop, Sept. 6 to Nov. |} 735 

136 

LOR nna alk aldsiaertarcires 137 

138 

OR iaicicc secddbewesen 

133 

Alfalfa, Grimm, com- || *34 

bined — * 24 2 
to Nov. 4.. || 73 

137 

138 

tere een 
Clover, sweet, S. P. I. = 

21216( Melilotus alba), 

first crop, May 23 to a 

MN BON 604-4 05.0 cos 4 

125 





Dry 
matter. 








Grain. 












































Water requirement 
| based on— 
Water. | Grain. | 
| Grain. [Dey matter. 
Kilos. | Percent. 
BO. 5 fe ccccccfeccccccccces 530 
CP eee core ee 493 
NT S| See Serre Tee 494 
CT | Ore eee eee 518 
| ee) Cee ree 506 
GMA ccwandiexcegenrces 487 
eeuulewteaowees eee ; 506-H5 
CT a ee | ere ree 654 
| Se) Grrr rrr cr 697 
See Coe ee 656 
| Gees) Pere 666 
cS ee Ae ae cae 632 
Ck | eee eerie ree 649 
ee EEE] (ER eT 65946 
SOs ice desccancveens 680 
POON es Gaivelewscoctneees 609 
(| Eee ere e ree 584 
(| See See ec 516 
Db sa) CCE CEE ET 564 
POEM Rid dae Nes ccsenecetes 649 
bk ed rimalte cawadinsernacwe cacti | 600+17 
RUE less scx duke ce cceneene 7 go2 
kt en) Perse 845 
po rere) ere ere 810 
| eee) Sere ee 870 
MR Ee rentcs einen catecewus 800 
WOW ANE cccccubncesacews 893 
Se eT eee TS | 853413 
Ce] eee Cee ee rr 479 
pa Ae Pere een | 434 
a?) Nee eee eer eee 401 
MMR, od. Scrat Re <caucn eee OOM | 390 
a) See Aes perce 431 
CLAS Aes eee rer ee | 391 
eae eed Je ceeees eras 421+10 
243. 8 | ETT ee eRe Eee 72 
TOGO bas vaca dparcceeees des 658 
ak a OER) (LE ee 632 
Cf | EE) eee 620 
ys ee) reer ree 627 
2h S| Se en eT 678 
MELE PERT Ce eT | 6 5711 
| es Ae Rete er 568 
Cn ee Seer re 598 
1 Se eee rn ere 522 
7, 2 Se Serene 542 
| ee, CE ee Te 503 
rer ee ‘oo | _ 54712 
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TABLE XIX.—Water requirement of different legumes at Akron, Colo., in 1912—Contd. 






























































| SF a 
Water requirement 
. D | based on— 
Plant and period of growth. am Po Grain. | Water. | Grain. | renner 
| | Grain. -_ matter. 
1gi2. Grams. | Grams. | Kilos. |Per cent. | 
tf SOE) PRBS losis REID fesse tly cs metnennnt 719 
Clover, sweet, second || 122 | 130.5 ]....... BIR betes ene 670 
crop, July 26 to Sept. |; 123 | 103.8 ]....... eee | Pate eck ee 720 
TE ree ee 104 | BORO [os 600 tee A ae: rere ee at | 657 
B45 | BAD FO: |e cote a eee eo 620 
ar ae we nae ee he [ovnccevnenes | 677414 
Clover, sweet, third | a ns : iibpor es: oo ekice: Selanne . 
crop, Sept. 6 to Nov. A944) DRA cent 7 Wl RR | es tes ease Be 608 
Gans 7 leah ae 124 a Se ae “Sy ARE BRE: 642 
Ce OT Oey Re | PEMA MPRA EME SNE Tee 598418 
Clover, sweet, com- et = BA gaa — tS Seeger | Are: O45 
bined crop, May 23 oh Je ccoeee US ie es 45 
; 094) BOSE bass cee EN cs Soke sus lovas vel aepnsraceis 641 
to Nov. 7 : 2 7 
EE TTY Ra WOME 0. cat 8 PAST hele or uterine: 621 
ee Serer Bes eer Len oie Cree rr PRE Sx 638+4 
; : 157 | 239.9 | 97.0 | 138.0 40 | I, 423 576 
Chick-pea, S. P. I. || 158 | 275.5 | 126.3 | 129.1 46 | 1,022 469 
24322 (Cicer arteti- 159 | 238.3 | 85.0] 127.1 36 | 1,495 533 
num), June 3 to Aug. |) 160 | 181.1 | 47.2] 96.0 26 | 2,032 530 
BO ago dees te CCKER 161 | 272.0 | 120.1 | 129. 4 | 44 | 1,077 476 
162 | 227.0 | 104.5 | 108.6 | 46 | 1,039 478 
BOOMER ssc acta Rat eaaschoniaeens Saree | Pe tienes | 1,348+114 | srot14 
| 

















A number of different legumes were included in the 1913 water- 
requirement measurements at Akron (Table XX). On the basis of dry 
matter produced, the results obtained are as follows: 


Kind of legume Water requirement 
SRPMS cree 5: socb ads Sar Reo oe ae MISE > Sater as RIE bchalie ote 57143 
PU MIRO orc wvianleancccss sosun mea nee Riaalne teas yoni a, Vivata: Oka Co 
PUMA POMER Foi 90 see: satire Wear tioine SRA Cee ANS SOS EETD ohne 682+4 
PR URINE os oc ous. Shem needa wehs eb aRMar us een eens 651-412 
INN sic slace race td LA a thign ised oly OTR OR aan letra ... 690+8 
RES NMR at 1s To AMOEG: ois wae sands a oewernens cane .. 772411 
at Ra Rear ig i Ree cee rer Saar Sateen elmo 77348 
RRMA OR f6acsco aera ros ann vavmeteeoiness ee ee 77545 
UPN ICME 5 E sh RERNG ies 60s vers Gis ened Gaderer egwewans 780+19 
OE COVE 6 6c cesseisss cs Peach ae CIC Ret eens .». 78949 
Se Se Sere tere ree yrs eee ey 805+8 
NRE OD oes ev acs ais oo wean Coie eed gues De ORS 815425 
Pr oo kek a sa Seansananiinek endian banmnneeures 83448 
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Cowpea (Pl. VI, fig. 1) was the most efficient of the cultivated 
legumes. ‘The least efficient was purple vetch. The water requirement 
of the first crop of hairy vetch (PI. VI, fig. 2) was 9 per cent less than 
for purple vetch, the period of growth being the same for both varie- 
ties. Some of the pots of hairy vetch produced a good second growth, 
but none of the pots of purple vetch were able to survive the first cutting. 
The water requirement of the combined crops of hairy vetch was 690+ 8, 
or about three-fourths that of purple vetch. Of the soy beans (PI. 
VI, fig. 3) the wild required 21 per cent more water than the cultivated 


variety, which in turn required 18 per cent more water than cowpea, 
(See Table XX.) 





TABLE XX.—Water requirement of legumes at Akron, Colo., in 1913 















































| | Water requirement 
Plant and period of growth. | Pa Grain. | Water. | Grain. Rane Gee 
| | Grain. Dry matter. 
a a ae _— 
IgI3. Grams. | Grams. | Kilos. mii 
oe) eee TOR Bikes eee Dtiraslsiivaitd 862 
Of 3G O he. 6.3. Coty £| pares ereer 834 
Set Gah... WED ne cade nda cumee OG 730 
GOb BRAS Pe osc cas | SN Mee eter 782 
Alfalfa, Grimm, E-23- Go} SAO 1... cs | Se ee reer 818 
20-52 (Medicago sa- G6) | IGE <5 35 CT Rae errr re 786 
tiva), first crop, June Gi) GRO. 666 | Ss Opener eee 824 
PUTO Sc efh OR bt IORE DP ewes WE cé cc cdPooeneewenans 760 
Ob TOG Ec csiees 2 Ae Coe ere 832 
a ae See OL | ee Sree ee 870 
5 | 96.5 ]....+.. PEP, cold cwcheceeveweawes 764 
OOP S87 OF. cones ED Pista sPackswwesces 783 
MAR cscciecrictawes LE OT OR OPT REET] COTE TT | 804+9 
Coe 2 ee 106. 7 | errr | Seegrauten 922 
BO) SOOCA bec ovnes 05. 7 ae Ae: goo 
Oy Oe og See aE il Seer Cee eee er 825 
6B 0 TERE Paivac ccs oS) | ener 838 
Alfalfa, Grimm, second | hs ‘ - eet 95° 7 ee! pa AG eet B8r 
crop, July 18 to Aug. 61 | ro2. iy «seas Ge xp hes cin om cane eeded 866 
See 6 | 29 
A OSG Ae aD ee Peace a ee 832 
OF | SEO fe cs cae, CE VececcesPrekeeseewens 861 
64 ay al Cane 80. 3 | Réea SueeRekebanm emery 937 
OC l GEO h.cccess 86. I Pisvenspestsasen ness 871 
OF b IO Fo. ccc 89. I | eye te ee eee 812 
pene ks Meee peegiees 878+8 
BE b Oe Riles sixes 792% | Bev blaesec'eineas 868 
RO) SAd fic cen 70. 4 | . eee ee 85 
57 yo gd eer St) eC COREE Cee 752 
CB) FOObec..ess Cea eee [ss eeeeeeeees 771 
Alfalfa, Grimm, third 59 61.9 is 9 | i acted  abtigtel ethaase ate 
a 60 INS BBs ca wie Oa Seer rere cre 794 
crop, Aug. 26 to Oct. age eg 
‘ 61 ok Al eee i 9) ee lececcdcccene 74° 
ssiiniahiadat hae riadea 62 1. a ee 60. 4 ae SR eee 790 
OF) SiO lecescas 76.8 Bi nceeal Prerrecrr es 864 
Get GGG t.~ 0.60% WOME Eva acess | ae 843 
Oe a ee Ge Pecan ces Pel cuacatal 866 
oo 7 o_O 70. 7 ere Dwain wae 807 
RCE! (eeeree |reteeeefeeseeeefereeees | dewnete Gaia ....) 81811 























TABLE XX.—Water requirement of legumes at 


J ournal of Agricultural Research 


Akron, Colo., 


Vol. III, No. x 


in 1913—Continued 





| 
| | | 
Plant and period of growth. | P ng | B.- | Grain. | Water. | 
| | ] 
1913 Grams. | Grams. | Kilos. 
I{ 55 |.325-9 |......- 288. 3 | 
LP 86 B6B0O: |. 5 ec. 257.8 
AS le) ox ta eee 217.5 
fie EA eee 245. 2 
Alfalfa, Grimm, com- VHB abe -¢ 2 Bae 259: 5 
[| "60:| 465.6 }...5..., 234. 3 
bined ene — S tol) ¢ 86 
Oct. 23.. x | 286.2 ]....... 233-0 
as: Re a rere 231.8 
(ee fe Sica eee 262. 1 
ha ee ee eee 221.5 
tt GS).) BGG. 1 a cc600 221.5 
a Se re 251.9 
MARS sic oa oe eo awa saleable cae A leases 
Alfalfa, Peruvian, S. | 4 4 tn t igplaegiael yon 
P. I. 30203 (Medi- |} 9° | Ze 3 |------- » $e 
cago sativa), first Ba 450 eae | =: 
a : a eee a 
— June 7 to July | BOL | FSO lis aes 54.8 
iss crsseeaswwakaes 102 | 87.9|....... 64.4 
TS Se Oe APIA fee ae 
97 ee 42.5 
Alfalfa, Peruvian, sec- 98 ee 5 peng 
ond crop, July a to 99 2 eae 3:9 
Aug. 26.. 100 ee 47.0 
OE | RRA bikes 69. 5 
£02 | 308.3 bocce 82. 5 
lS ees akan ror sco! earaee | (eerie 
97 7 ree 39-9 
Alfalfa, Peruvian, third 98 | : pangs) 55:5 
crop, mae 26 to Oct. 99 a pinta 49-9 
100 | FOS linc ce vs 42.6 
ade gies | Uae ge noe 58. 8 
FOO | 208) | ..5.005 69. 3 
ER eee cae ars en ee are arene 
; > A ie Ae a ro 108. 7 
Alfalfa, Peruvian, com- O0-| 9740 ba cce.s. 174.3 
bined rae June 7 a ee rere 152.7 
to Oct. 23. TOO | TOO H |... vcs 116. 9 
£02 1} 600. T |....... 216. 2 
SORRENTO.) PROMI (Sie ee nat grea are ese a 
206] 9007 fe cae "a. % 
Clover, tea, 5. PF. 2. 1) 206.1 9500 |e. 0.5 56.0 
34869 (Trifolium re- |} 105 | 89.6]....... 60. 3 
pe ns), oe _— a: eee 63. 6 
5 to July 19... le Be: Ss ee 82.0 
S00 | C2006 |... 00.0 81.1 
eer ears Mag @epee A Sbernn inl Hanperargan! (errant 


























@ Missing. 


Srain. 


| Per cent. 

















Water requirement 
based on— 


Grain. |\Dry matter. 















































Oct. 15, 9x4 Water Requirement of Plants 33 


TABLE XX.—Water requirement of legumes at Akron, Colo., in 1913—Continued 













































































Water requirement 
| based on— 
Plant and period of growth. Pa | Grain. | Water. | Grain. |_ ‘ paar 
| Grain. Dry matter. 
1913. Grams. | Grams. | Kilos. | Per cent. 
103 uy fl See | 53-9 |---+---|-- mh deca 860 
Clover, red, d || 104 OGG Ee... 0504 eC GRA rer 803 
pe July 9 to 108) S08 Fence i’) SORA Bere errr 
Aug. oi TOO} G&G If. «2... CC | ee! creer ern | 85 
gi eo a ie a eee OT | eee) eee ee 870 
408 QNG@ hn ees PEE | SY el Pee eee 953 
DT OT CC ee ee SEs Pe) ee Pair eR 876414 
$04), FRG... canes Cl OE Ae eT eee It, 250 
Clover, red, third re Rcomens 4 Pe ee Pe et . = 
oo 26 101) 106 a Scere ON digs colvaxseuaveces 1,058 
vn ee a IO AO Daag. exch "| OES ee eee 689 
108 | 10.4 | cer: | ee Sore eee |, 040 
eee, eee ret Livin mdiaeceiecn ian Bids sera it, 015-49 
E464) SIAC... 50 | eRe Cree reer or 818 
Clover, red, combined oa a 3 ieee = 7 ai aes pes. 
‘tt Seeeeers POG edcsileoces Capen 77 
Pad June 5 to Oct. 166 | 104.69 | «.....«<: 126. a ee fe vceweccene. 772 
Retr ea oo ree tg a Gd ee | SO eee 
108 | 169.8 |....... CD) Ce ee 815 
Lo EE Serer Mes Prey eer ere | See ey, 789+9 
Rte eT eee SOE acct ihacecse cence 841 
Clover, crimson, S. P. I.|| 110 | 169. 2 |....... PAG aoe ralds cnwoness 774 
33742 (Trifolium in- |} 111 | 186.2 |....... ee, | eee Cerro 809 
ne — 5 fo 1) SE9 | 24 7 fe... 0. BIO Pao kc ale swan sadaaas 806 
Aug. 26 rere | occ Ut | ee Oecd a dirty ceeaiecn eer 773 
114 | 110.2 }....... GG fos eccelves vasa’ ..| 825 
) | Ee PRET) rere [acne cccfeccecesponessecfesssese snes 805+8 
il a ee CT) Sea Paar cy ere 781 
Vetch, hairy, S. P. I. || 182 | 97.8 )}....... 1 l| RE Re eee 786 
34298 (Vicia villosa), |) 183 | 98 1)|....... ee | eee bapidele ctvus Aan ae 
first crop, May 29 to |) 184 | 114.5 |....... eS eee ERS ae ee 870 
, |e  aerrer eA wl eee | ee By hy crea 811 
186 | 120.2 |....... oe eae By ach enee ees 890 
LSE Cee re ee rN eee Seer sGh-qaed 853423 
| _---__— 
. 81 | 114.8 Sedat a) See Ss cca habe 537 
Vetch, hairy, second |} * , 
Ue? oo eee  ) )) eee Se accu ae aeeel 540 
_ uly 18 to Oct. |{ * | | 
ve y inal RR eem | a CC a eee GPL Fare ce cilecslcewet ewes | 595 
ey a. eee ye | ee Jocectee eee 567 
bn EE rer AP t Meee Cer eee Brash nee 560+10 
al) eee HUGO ced ee 662 
Vetch, hairy, com- || * 34 55 
bined om June 5 ae SD eee a eee Piccavadences 684 
45 Get. ee dy a eee MS Rink co tlenesciecaxeul 690 
ee ney a | eee | See Peers ey 
Lf Ee Cee ee eee! ere ECCT RUT) CERO E OC ET 690+8 














60300°—14——3 
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TaBLe XX.—Water requirement of legumes at Akron, Colo., in 1913—Continued 


Plant and period of growth. 


1913. 


Vetch, purple, S. P. I. 
18131 (Vicia atropur- 
purea), May 29 to 
July 18 


Pea, Canada field, 
S. P. I. 30134 (Pt- 
sum sativum), June 


SAD AUE. ds ics000000: 


Bean, Mexican (Phase- 
olus vulgaris), May 
S00 ent. F266. 52s 


Bean, navy (Phaseolus 
vulgaris), May 28 to 
Aug. 21 


BE. cs SS Sox es 


Bean, soy, S. P. I. 
21755 (Glycine his- 


pida), June 1 to 
a ee nee 
RRs crocs eee 
Bean, soy, wild, 


S. P. I. 25138 (Gly- 
cine soja), June 12 to 
Sept. 14 





Pot 
No. 


187 


192 




































































Water requirement 
based on— 
Pe Grain. | Water. | Grain. 
Grain. Dry matter. 
Grams. | Grams. | Kilos. | Per cent. 
DEIR he ck kone WRT iis isi avs ata see re s:seocee 967 
se a eae PEt Alscasbeonsoo se nen 919 
BIO besvcnne ve Se: COMERS Ee aren 930 
ee Ty Renee Cnet 932 
oe tl ee I ne aaa are a 972 
EEGs owes MONS Penescscheeurce canes 888 
PES STERN eT Cre er 935+9 
154.0] 64.7 | 117.9 42 | 1,822 766 
137-2 | 50.3 | 104.5 37 | 2,078 762 
136.3 | 46.6 | 103.8 34 | 2,228 762 
134. 2 51.4 | 103.0 38 | 2, 202 768 
120.0 | 32.8] 96.0 27 | 2,921 800 
68.4] 20.2] 54.1 29 | 2,679 791 
ELT eT ee Ce Serre 2,3224+121 | 775+5 
282.4 | 120.8 | 213.9 43 | 1,769 757 
269.0 | I17.0 | 205.1 43 | 1,753 763 
260. 7 | 108.9 | 191.0 42 | 1,755 733 
232.8 | 100.7 | 182.8 43 | 1,815 786 
276.2 | 111.9 | 218.4 40 | 1,952 791 
245-3 | 86.7 | 198.0 35 | 2,285 807 
Pe: eee rere! omer tea 1, 888+62 77348 
220.3 | 101.2 | 144.6 46 | 1,429 656 
204.0| 87.9] 142.5 43 | 1,621 699 
224.5 | 95-6 | 153.3 43 | 1,604 683 
168. 1 68.1 | 116.8 40 | 1,715 694 
227.9 | 90.5 | 153-3 40 | 1,693 673 
186.1 | 70.4 | 127.6 38 | 1,813 686 
OT ee Ce nee ee 1, 646436 682+4 
156.2} 51.8 | 100.3 33 | 1,938 642 
144-7] 51-9] 91-4 36 | 1,760 631 
150.4 | 49.9 | 103.6 33 | 2,078 689 
158.2 | 48.5 | 110.3 31 | 2,275 6098 
154.1 | 48.2 | 103.9 3I.| 2,154 674 
160.0] 52.9] III.7 33 | 2,110 698 
et eee ee eee 2,053451 672+9 
a ee ke Rr Meer ore reno 934 
Cs ae Ge Oe BOO. T [osccveclesccecvenves 859 
MRBOE Vixiasay BOON biscnneties ccecseanes 754 
$0350 biscccss i Oi Al CN Cee eee eC 850 
eS ee Serer rae 701 
eg ree Ct RN CREP er rar 790 
PEO TTe RECT OTT Ee) ROLE: eee ee 815425 
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TABLE XX.—Water requirement of legumes at Akron, Colo., in 1913—Continued 



































| Water requirement 
. | | based on— 
Plant and period of growth. Pot Dry | Grain. | Water. | Grain. | ee ee ee 
No. matter. | } zs 
Grain. Dry matter. 
i | | So | . 
1913. | Grams. | Grams. | Kilos. | Per cent.| 
, if 151 | 207.0| 69.9 | 123.1 | 34 | 1, 761 595 
152 | 202.6] 71.4 | 115.6 35 | 1,620 571 
— "ae 153 | 215.7 | 80.1 os 7 37 | 1,519 564 
” || 154 | 209.2 | 77.7 | 116.1 37 | 1,495 555 
June 17 to Aug. 26... 155 | 210.6; -75.0]| 120.0 36 1, 600 57 
156 | 202.7 | 79.5 | 116.1 39 | 1,460 73 
io SAE Rorere| Serr re rere) Acer veeveee| Ty §76432 57143 
TOT See len ccc oC eee pavaiiaxwsen 809 
Bean, horse, S. P. I. 170 53-7 adr ah Ce eae Der er ee 715 
samo (Tie Meh sel Sel...) magic ae 
June 12 to July 19...| 173 i See 8.7 “aehhe eeerene 870 
SAE SICA bei ecccs Oh S| See Seat teninaed 811 
ENN cds ce neegaliied Polbewsaawakest aces | (ct wattl ile tive's | Sa a arog macahita’ 780+19 
175 7 | ee we 3) eee Jrvses eee Ae 735 
Bean, horse, S. P. I. |} 27 pT ace ae, 8 ee eee 31 
: 2. 7 Soe ee | ee Res aee aes 2 
as64s (Vieia faba), }) 8) os 6l....... 2°" Gan eit 74 
June 17 to July 9.... a | ee a) eae Riptuckastaaes | 730 
gd ao | oe | | See eres | 798 
| |_—$ $ $_$____|__ 
MS Gis he i ke bei xwougeeacwes De scab 772411 














Neither variety of horse bean did well. The growth was fairly good 
during the early period, but during the warm days of July the plants 
wilted down badly, despite an ample water supply, and had to be 
harvested before they had reached maturity. The water requirement, 
notwithstanding this, is no higher than that of many of the other 
legumes, and compares favorably in this respect with hairy and with 
purple vetch. The navy bean, although not as efficient as the cowpea and 
the soy bean, is more efficient than the Mexican bean, which required 13 
per cent more water. The Canada field pea and the Mexican bean were 
equally efficient. 

Crimson clover, on the basis of the combined crop, required practically 
the same quantity of water as red clover. Crimson clover produced only 
one crop and grew slowly throughout the period, although in total pro- 
duction it was practically the equal of red clover. The water require- 
ment of red clover is slightly below that of Grimm alfalfa, while Peruvian 
alfalfa required only 78 per cent as much water as Grimm for the pro- 





1 Peas and beans were included by Lawes (1850, p. 54) in his experiments at Rothamstead, England. 
His measurements show beans to be slightly more efficient than peas. No other measurements of peas 
and beans have been made, so far as the writers are aware. 


{ 
} 
‘ 
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duction of a pound of dry matter. The total dry matter produced by 
Peruvian was, however, much less. The water requirement for each of 
the several cuttings made of these crops is shown in Table XXI. 


TABLE XXI.—Water requirement of different cuttings of legumes 





Crop. First | Second | Third | Combined 
cutting. | cutting. cutting. | cutting. 
| | 
Alfalfa, Peruvian......................] 65rcb16 | 725418 | 596-12 651-12 
oe: ERE es Sere mee yee | 7811 | 876414 | 1,015+49 789+9 
818411 834+8 


MMM PUREE» 5 5 cso ses olsieren sie Se ore es 853423 | 560+10 
| 


Alfalfa, Grimm........ SP ee es ea 804+9 878+8 
osach CRRSS | GOOHIO 4]: coc c cae ce 690+8 





Taking the water requirement of the first cutting in each instance as 
a basis of comparison, the second crop of Grimm alfalfa required 8 per 
cent more water, Peruvian alfalfa 11 per cent more, red clover 22 per 
cent more, while hairy vetch required 34 per cent less. On the same 
basis the third cutting of Grimm alfalfa required 2 per cent more water 
than the first, 8 per cent more for Peruvian, and red clover 41 per cent 
more. Comparing the combined cuttings, Peruvian alfalfa and hairy 
vetch required 18 per cent less water than Grimm, and red clover 5 per 
cent less. Grimm alfalfa was the only one of the lupines grown at Akron 
during both 1912 and 1913. Its water requirement in 1912 was 659+ 16; 
in 1913, 83448, an increase of 27 per cent. 


ALFALFA, SUDAN GRASS, AND MILLET GROWN DURING THE LATE 
SUMMER AND AUTUMN AT AKRON, COLO., IN 1912 


In Table XXII are given the results of water-requirement measure- 
ments based on the total dry matter produced by crops grown during 
the late summer and autumn and planted in pots which had already 
produced a crop earlier in the season. The soil was not changed, 
and no additional fertilizer was added. These forage crops can not be 
said to have been grown out of season, except in that the plantings were 
made too late in the season to permit the plants to reach their full 
development before harvesting. 


TABLE XXII.—Water requirement of alfalfa, Sudan grass, and millet grown during the 
late summer and autumn at Akron, Colo., in 1912, without additional fertilizer. 














| Water re- 
Crop. — Dry matter. Water. eos py 
| dry matter. 
Igt2. Grams. Kilos. 
37 42.9 | 404 988 
Alfalfa, Grimm, E-23-20-52 (Medicago sativa), 39 43-1 | 37-3 866 
Aug. 7 to Nov. 6, following Kharkov wheat ....|) 4° 33-2 | 3%7) = 955 
41 32.0 30. 2 944 
42 34-3 34-9 | 1,017 
PR sins. 0 ie KES crema Shinn ae ane « Cela tras wae eee aes 954+ 16 








io 
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TABLE XXII.—Water requirement of alfalfa, Sudan grass, and millet grown during 
the late summer and autumn at Akron, Colo., in 1912, without additional fertilizer— 
Continued 


















































| Water re- 
Crop. ae iDry matter. Water. | b meee py 
| } | dry matter. 
Grams. | Kilos. 
43 40. 4 34-8 862 
44 45-3| 405] 804 
’ , s 45 21.0 21.3 | 1,013 
Alfalfa, Grimm, following Turkey wheat........ a 95.6 301 Ses 
47 30.7 26.9 876 
48 33-0 30.7 930 
WN 66 circ ciitvcceceneceneneesenesacedleetemdiructesectieeeawest 912 +15 
31 14.7 7-5 | 510 
32 16. 8 8.5 506 
Alfalfa, Grimm, Sept. 3 to Nov. 7, following 33 18.1 8.3 458 
TROOOREE WEIS so cies nx cacedvoevcecnvnceues 34 19. 6 8.1 413 
35 13.8 6.1 442 
L 36 12.9 6. 6 | 511 
| 
be 
PRR ic vind ec a ccecerndinneceensnteneudeeneauiaaceenns | nakeen es | 473413 
7 14.7 0. 3 628 
Alfalfa, Grimm, following unfertilized Kubanka 8 _ 8 10. 8 545 
c 9 15.0 Q. I 606 
Wee ce Sais arcorcoteccueuer eee nunc orn een : 
10 16.4 9. 5 579 
12 16. 7 9. 5 569 
SS TE ee CTT ee eT TT ae SOT CECT) OREO E | 585+11 
Alfalfa, Grimm, Sept. 9 to Nov. 4, following |{ 163 12.9 yea | 581 
CHINE MONNIIOIES ciccccceneunsceretesenees 164 11.8 6. 4 | 542 
PENS isa ease Raha cere oneueaer ree | Lireraleewene cee | 564 +16 
Alfalfa, yellow flowered (Medicago falcata), meee [ 4 a 3 4 : 460 
3 to Nov. 7, following Kubanka wheat. 5 : > we 
| 6 16. 5 8.3 503 
Bre ths 
ee eee rR Peer ree en eenmnee Riseeesas | 478+10 
| 55 18S 3-0 261 
Sudan grass, S. P. I. 25017 (Andropogon sorghum | 56 18.1 | 54 - 
aethiopicus), Sept. 3 to Oct. 1, following spring 3 en : Pz 3 a 
CHINE WHEDG inks scieoxs ceiccekveseeanuen’ es 5 95 5: 297 
59 16.6) 57] 343 
60 96) 3-4] 354 
DME PERT ECL R eee ee roe | aeeeee Ie ercanattnndehin 308+ 10 
20. 0 | 4-4 220 
Proso, Black Voronezh, S. D. 331 (Panicum 25.0 5.8 232 
miliaceum), Aug. 22 to Sept. 28, following [: 19. 5 7 190 
PIMIEE MEE Sis dalae ss n/na sr chwnsaauara cexmne ps 15. 5 4.0 258 
102 20.0 4.6 230 
| — 
MN ek as ucctael ack one Suen s avuneeekie eal aeekeuue 22647) 
| Na | a 
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TABLE XXII.—Water requirement of alfalfa, Sudan grass, and millet grown during 
the late summer and autumn at Akron, Colo.,in 1912, without additional fertilizer— 
Continued 


























Water re- 
Crop. | | Dry matter.| Water. yeep 
| | dry matter. 
= ai ————_|— —|---—;-— 
Grams Kilos. 
103 27.0 7.8 289 
Millet, Turkestan, S. P. I. 20694 (Chaetochloa || 704 | 283 7; = 
italica), Aug. 22 to Oct. 1, following White Hull- - a 4 8 . pi 
PNA 5.6 io 60 nr eeaiitgsa sa skeete teeta 107 33.5 9.2 274 
108 Sh. 11.7 333 
SE ee ee een ee ern Scr. ee eee 294-46 
115 9.3 1.8 194 
Millet, Kursk, S. P. I. 30029 (Chaetochloa italica), 116 ted 2.5 peed 
Sept. 3 to Oct. 3, following spring rye......... an m4 3 re 
119 23.5 a2 132 
120 12.3 1.8 146 
on er ee ne mre rea rery 173410 
6r 22.2 3.7 167 
62 18. 4 2.9 158 
Millet, Kursk, S. P. I. » 34771 shone 3 to Oct. 1, 63 23.4 3-7 158 
following emmer. rere 64 21.6 3.8 176 
65 24.7 3-7 | 150 
66 24. 5 3.8 155 
ER cig ceric seins saat elon SG PNA Chee tees REI ebN ees | atewieties 161+3 
| 











The effect of fertilizer added to the previous crop on the water require- 
ment of the next crop is shown in the following measurements: 


Water 
Crop requirement 
Alfalfa, following fertilized Bluestem wheat. ...............-. 473413 
Alfalfa, following unfertilized Kubanka wheat............... 585411 
Alfalfa, following fertilized Grindelia, following unfertilized 
1. | a a ne ne POT ere er ere 564416 


The water requirement of alfalfa following unfertilized Kubanka wheat 
was higher than that following the fertilized Bluestem, and although 
this difference is not very marked (19+3 per cent) when the probable 
error is considered, it is sufficient to show a slight effect of two consecu- 
tive crops without fertilizer in increasing the water requirement. Two 
pots of alfalfa following Grindelia squarrosa had a water requirement 
equal to that of the unfertilized set. Grindelia was started in pots which 
had already produced a crop of Marvel Bluestem wheat in 1911 without 
fertilizer. Therefore alfalfa was the third crop from the same soil mass, 
and although the pots growing Grindelia were fertilized, the succeeding 
alfalfa crop gave a water requirement in accord with that following 
unfertilized wheat. 
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The effect of time of planting is shown in the following determinations 


of the water requirement of alfalfa: 
Water 


Crop requirement 
Alfalfa, grown August 7 to November 6, following Kharkov 
| eerie eas taht te MP eet ee hss Fe Me ee Oe: 954416 


Alfalfa, grown August 7 to November 6, following Turkey wheat. g12-£15 
Alfalfa, grown September 3 to November 7, following Bluestem 
WENGE os o.0cnkd wnncweh cen talee ec cne ck ata ees 473 £13 

Alfalfa planted during the dry, hot days of August required almost 
twice as much water for the production of a unit of dry matter as it did 
when planted in September. 

The seven varieties and strains given in Table XXIII were included in 
these late-season experiments and were grown under comparable condi- 
tions. The water requirement of Grimm alfalfa, Sudan grass, and Kursk 
millet was also determined in midsummer (see column 3), so that it is pos- 
sible to reduce the water-requirement measurement of the other late-season 
crops to a midsummer basis. The seasonal water requirement of Grimm 
alfalfa was 39 per cent higher than that of the late-season crop. Assum- 
ing this ratio to hold for the yellow-flowered alfalfa, the seasonal water 
requirement of the latter would be 865+18. The midsummer water 
requirement of Sudan grass and of Kursk millet (S. P. I. 34771) was in 
each instance 16 per cent above the late-season crop, and this ratio has 
been used in computing the other millets to a midsummer basis. The 
computed values (a) are given in the last column of Table XXIII. 


TABLE XXIII.—Water requirement of late-season crops 








Water requirement. 
Variety. 
Late-season Midsummer 
crop. crop. 
Alfalfa, yellow-flowered........... 478+10 @ 865+18 
VV See ee eer 473 £13 657411 
PRIN MEME Se cccescasceee css leeus' 308+10 35942 
WICC, TUPMOMIME 5 oc csc wicccicicvener 29446 @ 341+7 
Proso, Black Voronezh............. 226+7 @ 262+8 
Millet, Kursk, S. P. I. 30029........ 173410 @ g01+12 
Millet, Kursk, 5. P: 1. 347786606... 161+3 187+2 

















4Computed. 


Of these seven varieties the yellow-flowered alfalfa (Medicago falcata) 
gave a water requirement in practical accord with the Grimm selection 
grown during the same period. Kursk millet (S. P. I. 34771) gave the 
lowest water requirement and proved to be decidedly more efficient than 
Black Voronezh proso and Turkestan millet. Sudan grass required 91 
per cent more water than the Kursk millet, which is in exact accord with 
the results obtained for these two crops from determinations based on a 
whole season’s growth. 
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CUCURBITS 


On account of the large space required by crops which produce vines, 
the cucurbits were grown outside the inclosure at Akron in 1913. The 
reduction in water requirement produced by the inclosure amounted in 
the case of wheat, alfalfa, and cocklebur to approximately 20 per cent. 
These ratios for the cucurbits should therefore be reduced by this amount 
in comparing them with crops grown inside the shelter. The observed 
water requirement outside and the computed water requirement within 
the inclosure, both based on dry matter, follow: 


Crop Outside Inside 
RRR ee ere 750+19 600+15 
ER One PAOLA eh ee ort 778434 621427 
NN Sic Solin Suir: och xg enceatorh mateo te hoa BIG 891+14 7IZ4+11 
SO IETS ORS COR Re TEM 74848 
I sss, has stk nisicccns oSG Ne ease eens 1,043+21 834417 


The cucumber, cantaloupe (PI. VI, fig. 4), and watermelon did well in 
the pots. Squash and pumpkin produced very little fruit (Table XXIV), 
and the growth of vines was not normal. Watermelon and muskmelon 
proved to be the most efficient of the cucurbits. Pumpkin, the highest 
of the cucurbits in water requirement, is about the equal of alfalfa in 
efficiency. 


TABLE XXIV.—Water requirement of cucurbits at Akron, Colo., in 1913 


. 









































| 
| | | Water requirement 
: ine | Dry | based on— 
Plant and period of growth. | a Pe —" Water. | Pes to ee ee 
| fruit. | Fruit. |Dry matter. 
! 
1913. | Grams. | Grams. | Kilos. | Per cent. : 
\( 337 | 272.0) 40.1 | 260.7 17 | 5,658 959 
Squash, Hubbard (Cu- 338 nn 9| S60 pa ; - - os — 
curbita maxima), ro ae, : sf ; Pn 9 rt Nahas 5 O82 
une 3 fo Sept. 13...)[ Ve | ee : ie el aetna 
PA GES. ¥5 341 | 267.9 | 68.6] 244.9] 26) 3,570 914 
|< 342 | 258.9] 7-3 | 244.7 3B jevess: 946 
Se ee Oe ee lace teson TSP ere lee aeecaccee (eremrecyete| Sera: 4,720+690 | 936+10 
: ————————>S.,$)_ s ———_—_—_—_ 
Pumpkin, common 343 4 Oitrcsacas oe | REN TE Ae Maen ie I, 047 
field (Cucurbita|| 344 2 es S piachamte. 994 
: 345 | 228.8] 45.9 | 211.6 eer a ears 925 
pepo), June 3 to |} 2% S 2 
Sept |] 346 | 225.4 2.8 | 243.2 | Coeecrar acer 1,078 
ee eee | 
he a al ee Oe 2a] See eer \1, 130 
| 348 | 179. 7 2.8 |] 194.6 1 ees ++ «|T, 083 
_—— -_ —E 
a ee | poreaets ree ore: See eee Seat eare ere jt, 043 £21 
319 | 171.1 | ror. 5 | 154.8 59 | 1,525 905 
Cucumber, Boston | 320 | 185.6 | 100.0 | 167.6 54 | 1,676 903 
pickling (Cucumis \} 321 | 185.7 | 96.3 | 158.2 42 | 1,642 852 
sativus), June 14 to | 302 | 162.5 | -1tag | 1689 62 | 1, 360 838 
We Es sircaseans as \] 323 | 175-8 | 83.7 | 171.1 48 | 2,045 974 
|< 324 | 174. 8 | 107.4 | 152.3 61 | 1,417 872 
| 
ne Tater Baceterarc tert (iearard ao) Cepereeeny Sear 
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TABLE XXIV.—Water requirement of cucurbits at Akron, Colo., in 1913—Continued 











D Water requirement 
Ty “ — 
ei wei ane pes ! Pot Dry matter a ee based on 
period of growth. | Wo, | matter. in Water. | Fruit. = 
| fruit. Fruit. Dry matter. 
1913. | Grams. | Grams. | Kilos. | Per cent. 
\( 325 | 314.7 | 198.9 | 201.7 63 | 1,014 641 
Cantaloupe, Rocky ote = oT pS | ee 55 = 382 br 
Ford (Cucumis melo), poe | ane 4 Bn 5 can 5 44 | my 646 = 
June 14 to Sept. 13.. 3 ~~ 2) ee | eee 5°) 3 4 _— 
329 | 272.8 | 160.6 | 197.3 59 | 1,22 723 
|\ 330 | 305.6 | 162.4 | 222.8 53 | 1,371 720 
| ear ae) Se A eee] Seem Baar ames SAN 1,486+120 | 778+34 
, 331 | 301.8 | 193.2 | 238.2 64 | 1,233 790 
Watermelon, Rocky || 332 318.5 | 216.8 | 215.5 68 995 677 
Ford (Citrullus vul- |} 333 | 334-5 | 225.9 | 241.4 67 | 1,069 722 
garis), June 14 to ||) 334 | 314.2 | 209.1 | 232.8 66 | 1,112 740 
WBA esa ceencan 335 | 267.9 | 159.4 | 232.1 59 | 1,457 866 
336 | 320.8 | 224.2 | 226.5 70 | 1,010 706 
WN chs Ce lecongube towne tendccusireee rain ties 1, 146+49 750+19 
| 











On the basis of the production of fruit the watermelon has proven 
to be exceptionally efficient. The water requirement, calculated on the 
basis of the dry matter in the melons and reduced to inclosure conditions, 
was 915+39. ‘The green fruit contained 95 per cent of water. The 
water requirement on a green basis would therefore be 46. 

RAPE, TURNIP, CABBAGE, AND POTATO 

Rape, turnip, cabbage, and two varieties of potato, the Irish Cobbler 

and the McCormick (PI. VI, fig. 6), were included in the 1913 meas- 


urements (Table XXV). The water requirement, based on dry matter, 
was as follows: 


Crop Water requirement 
CO icici dies aelce s WaRLee dead & Rawle Dascuaneaenue wee Rees 53947 
RUMEN wrassicuitudeg ne Medan resg ne ean l eax senor eatne heen 639431 
Potato 

RE GAINED isc tds ciadisirs Weed eee ne one emma 659415 
PROG NNO Mat susicce sc jcnchwewcie oeanetseue nosed eavensoass 717411 
pT CL OTE rT Te Pe TC ee CTT 74347 


Cabbage and turnip are seen to have a lower water requirement than 
potato and to rank in efficiency with oats. Of the potato varieties 
the Irish Cobbler was the more efficient and produced the most tubers. 

The McCormick, a late-maturing variety, produced fine vines but 
practically no tubers. The water requirement of rape was practically 
the same as that of turnip during the same period of growth, but the 
second crop, although not a heavy one, had a water requirement so 
much higher than the first that the combined crop is approximately 16 
per cent higher than for turnip. 
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TABLE XXV.—Water requirement of rape, turnip, cabbage, and potato at Akron, Colo., 


Plant and period of growth. 


1913. 


Rape (Brassica napus), 
June 3 to July 19.... 


I ccs eae ta 


Rape, second crop, 
July 19 to Sept. 13.. 


Rape, combined crop, 
June 3 to Sept. 13... 


Mean 


Turnip, Purple Top 
(Brassica rapa), May 
ao to July 19........ 


Mean 


Cabbage, Early Jersey 
Wakefield (Brassica 
oleracea _capitata), 
June 3 to Sept. 12... 


Mean 


Potato, Irish Cobbler 
(Solanum tuber- 
osum), June 5 to 
Peet. RO .5 vou eee 


eae 
Potato, McCormick 
(Solanum tuber- 


osum), June 5 to 
| = eee 








































































































in 1913 
a Water requirement 
Pot Dry | Tubers | wrote, | Tubers based on— 
No. matter. | or roots. “* Lor roots. |— ee eee 
| Tubers or roots.| Dry matter, 
Grams. | Grams. | Kilos. | Per cent. 
OFF | BPD boeviviens oS Eee rer eer 655 
G58 | .066i,9- )s<3. 0% Ch eee et Eee eae 658 
219 | 102.0 |.....%. Breall vince ys olen va sere sev neate 633 
290 | TAOOR | sve Ue A OCICS GA Se Rene CT 693 
O9F | TPT G |e vveincr a aoe Fics, esta ncanaseres ;| 630 
923 | FOGO | 6.0000 BOR ceccis.s. TR aepoeecers 671 
ee es Shey ie OH tee ee 
217 | 44.6 REE ae al eee Br eet eta tet |1, 217 
Bx8)) Gece le ccicows Bese Wiicrenelnc noe eros tne |I, O10 
B20 BEF eccacca BRAD) e000 sels comne ewok 995 
920 | GHi6 boc csccs 53-2 |ereeeeefeceseeeeeees 834 
Bot |) BOA isc. EN rte livaco tk cescaces | 946 
222 OOrO: fae oea.0: WOE [i soe n Se fo nce sess on | 882 
Cite eaceies sake pepe eee eee |_98t £35 
BEF | B1GiS |esecisss ve ae th Ree Desens a7 
O08) COS: bee ncscs RE irks hocaleercten were mes 767 
Bre) | 290.6 bossa PON nae se eos wre ceween 729 
220 | 204. 3 |. ..206 150. 6 | eee. RRR RIC 737 
oe at ee) ee eee oo, 0 ES Maree gn te 718 
BOG 1 BAS O oo 6.0008 PIE MONS Saree levee nian nes 734 
See eee eee ee an eee | 7437 
21r | 128.9] 69.3] 781 54 | 1,127 606 
212 | 1284 | 64.6] 90.7 50 | 1, 403 706 
213 | 586] 17.3] 300 29 | 1, 767 522 
214 | 1285] 588] 69.5 45 | 1,181 541 
215 | 73-8 70 | §12 51 | 1,360 694 
210 | 90.4] 29.4] 68.9 | 32 | 2,341 762 
Se Creer ee Baer eee I, 5304132 | 639431 
( 205 | 284.5 |....... SASAOT| 5335+ % | rte | 523 
GOO | ABIO |e ssc: cee eye | areca rer ee 569 
AGT | BSO0B |sisis 00-0 ee ere Siwkwad aneckels 533 
BOB | 38609 foc s0n: 176.0 |....... bensrata wiassce eo 532 
$06 |. 346: 6 |....0005 Ce tl eee Fausiugre Celera 510 
210 | ; , 565 
ee — | s30+7 
115 | 170.2 | 40.6 | 120. 4 | 24 | 2,906 708 
116 | 203.2 | 67.8] 145.1 | 33 | 2,140 714 
117 | 211.0 | 81.7] 127.0] 39 | 2, 585 602 
118 | 222.3 | 86.6] 149.3 | 39 | 1,72 671 
119 | 218.1 | 105.3] 130.0] 48 | 1,234 596 
120 | 201.1 | 52.4 | 133.3 | 26 | 2, 542 662 
Dracce ole leat wen aiawiate ake de kesdis[enves eat 2,027-+197 | 659415 
121 | 215.8 oI] 145.5 |[..--.-- Joceevevevens | 674 
122 | 213.7 I. 7 | 254-9 jecceces fata fale: Si sath | 724 
123 | 215.5 5.0 | 146.9 =e CERO Un ae | 682 
124 | 219.3 | 10.3 164. 5 | 5 hy weaedkeaee | 75° 
125 | 201.4 | Re al Aa ee ine al cehaees | 766 
126 | 206.9 | 1.9 | 145.9 | Beene ee 706 





re ie 77432 
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NATIVE AND INTRODUCED GRASSES AND OTHER NATIVE PLANTS 


Two native Colorado plants were included in the 1912 measurements 
at Akron, Grindelia squarrosa, or “gum weed,” and Artemisia frigida, 
or ‘mountain sage’’ (Pl. II, fig. 3). These plants were carried through 
the winter in the pots, and only two pots of each set were in good condi- 
tion in the spring. They both behaved as biennials, forming rosettes 
in 1911 and flowering profusely in 1912. The data (Table XXVI) 
given for the period from May 20 to August 26 include much of the stored 
dry matter of the rosettes and root systems elaborated during an earlier 
period, and consequently the water requirement is somewhat too low. 
In order to check this, the data based on the total period of growth, 
which includes the growth and water consumption in 1911, have also 
been given. This method of computation increases the water require- 
ment less than 6 per cent. 


TABLE XXVI.—Water requirement of native plants at Akron, Colo., in ror2 











| Water re- 
| p —s quirement 
. | Pot Dry , 
Plant and period of growth. | os | sito! | Water. | based on 
| No. | matter. dry mat- 
| ter. 
ea ane ene er = athe. ee een See eee 
IgI2. | 
A ; | Grams. | Kilos, 
Grindelia squarrosa, May 20 to Aug. 26......... \f 163 | 385. 4 172.0 446 
i\ 164 | 367.7 180.0 | 490 
is 
WACO. 5-ateteaiss | MRO? Sart. Pura det onerre | 468+18 
| | — 
a Uae — 
Artemisia frigida, May 20 to Aug. 26............ { 167 | 336.3 153.4 456 
168 | 293-9 13-9 491 
wjcncrsbads 
OG cikccusdcnuneereiaearinceessaseiparees Rtadeawerbiesne cael 474414 
| ——— 
TOTAL PERIOD OF GROWTH. 





Grindelia squarrosa, Aug. 18, 1911, to Aug. 26, 
Wc co er preven cece Nuss eh OR eae RHE ERKORGN | 





200.5 | 5 
POM rs Barco oan ean cateea cans ae eau eas | Rime Kemmabkem ange  apedeae 
Artemisia frigida, Jan. 10, to11, to Aug. 26, { 167 | 372.8 | 177.4 | 46 
WO cccvee eter curr dst oaneesaarvareewacwen 168 345-8 | 183.9 | _53? 
Mean...... Deilaeed demarenewee BP ee aie cue] Sey | s5o4+24 


Although these are typical native plants of the high plains, they re- 
quired about 20 per cent more water than Kubanka wheat and rank 
higher in water consumption than any of the cultivated grains except 
rye and rice. 

Grasses produce so slowly that it is somewhat difficult to make satis- 
factory measurements of their water requirement. The 1913 experi- 
ments (Table XXVII) included pure buffalo grass, mixed grama and 
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buffalo grass, western wheat-grass, brome-grass, and a Siberian wheat- 
grass. Buffalo grass, brome-grass, and wheat-grass each gave two 
crops, buffalo and grama mixed gave three cuttings, while western wheat- 
grass produced but one cutting. The combined crops afford the best 
basis for the comparison of these grasses. On the basis of the total dry 
matter produced throughout the season, the water requirement is as 
follows: 


Variety of grass Water requirement 
ONDER een ee ern are aes circ trem eerie ey 308422 
RR INE WIENS 6.5.0 5bi2 ms oslemce s meanest emcee wap eeminsese 389412 
PU ONAIB Scio sio a sicinw eal a istauratrebte nigte hash Ns Cade meen 705+27 
ere eee cir eer Cee er 1,016+26 
TB BRIN 665 sh Sai See win bo Salen VES e 1,076+29 


Brome-grass and western wheat-grass are comparatively very ineffi- 
cient in the use of water, requiring from 22 to 29 per cent more water 
than alfalfa. Western wheat-grass made a slow growth. Wheat-grass 
is more efficient than alfalfa, requiring 15 per cent less water. The short 
grasses made a wonderful showing, the water requirement of pure buffalo 
grass being only about one-third that of alfalfa, and that of grama and 
buffalo mixed, 47 per cent. The water requirement of buffalo grass is 
only 8 per cent above millet, which is one of the most efficient of the 
introduced plants. The mixed buffalo and grama grass required 36 per 
cent more water than Kursk millet. These are the first of the native 
plants to show any marked efficiency in the use of water, although some 
of the weeds, as will be seen later, are also highly efficient. 


TaBLe XXVII.—Water requirement of native and introduced grasses at Akron, Colo., 
in 1913 








Water re- 


Pot i 
Ie ‘ : . . . r. quirement 
Plant and period of growth. No. Dry matter.| Water. based 6 
dry matter, 



























1913. Grams. | Kilos. 
139 50.1 | 17.4] 347 
Grama (Bouteloua gracilis) and buffalo grass || '4° pong 10.7 | 398 
(Bulbilis dactyloides), mixed, first crop, June 3 | me 5 pie om 
- | . 7-5) 7 
OO) as Kaho cbiiseerg Gen awes Cote 1] 343 an 0.8 | 443 
| 144 25. 3 8.6 | 340 
WOKS os aes 45 Bi, aciaianemarnns | ty Sere Sree Re? S77 11 

139 5I. 18.r | 3s0 
; || 140 35° 13. 373 

Grama and buffalo grass, mixed, second crop, | 


JULY Tq TO AGG. 96... 00.0 oe sense. 
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TABLE XXVII.—Water requirement of native and introduced grasses at Akron, Colo., 


in 1913—Continued 


| Pot 


Plant and period of growth. No. | Dry matter. 











IQI3. Grams. 
139 | 14. 3 
|} 140 11. 6 | 
Grama and buffalo grass, mixed, third crop, |} 141 11. 8 | 
EUR. AO ORI: BO ios butane neta denreenan \] 142 15.9 
|}. 143 15.0 
144 18. 3 
MMe ose kvins.cs edaw ent aeienecsauvees | ere UT Tee 
| 139 116. 1 
140 73-9 
Grama and buffalo grass, mixed, combined |} 141 82. 4 
CrOps, JUNE 5 10 Oct, 20... cies icsendcees cus \) 142 75.7 
} 143] 78.3 
L144 69. 7 
Ls er er ee ere ree | rte Coe 
| 145 10.0 
146 32.1 
Buffalo grass | spel first a: 147 18.9 
June 18 to Aug. 26.. ; 148 12.9 
149 13.2 
150 8.1 
Ee Pe ERT ee Oe Ce ae) | Cee 
| 145 3-6 
Buffalo grass, second crop, Aug. 26 to Oct. 18 . .| a 4 ° 
il 148 5.2 
DMR. «ie dk cuakiwewn ese ah vere centar cause ewan nen wawara 
| 145 13.6 
Buffalo-grass, combined crops, June'r8 to Oct. 18 .| a 4 - 
148 18. I 
WR io ara vecwey tune ciiiccnnne dheunesalaeeweueeueneeons 
133 64. 5 
Brome-grass, S. P. I. 29880 (Bromus inermis), |} ™34 LS * 
first crop, May 23 00 July 19...060..6 60sec ceeees ee } 3 
4 138 79: § 
Ee Sldeacvehedeeawarncteeasesereret Se ere 
|| 133 my 3 
134 46. I 
Brome-grass, second crop, July 19 to Oct. 22 | 135 36.1 
|} 136 26.9 
\\ 138 40. I 
Ns: 5 6:8. o's cals ap tinv's Gb neweee neskesen Dibeee tad iteewaeeas 








Water. | 


| Water re- 

quirement 
based on 

dry matter. 


nu fun 
ww Oo so NH 
Aw A~a 


un 





471+26 


369 
406 
425 
383 
428 
324 











389+12 


35° 
280 
264 
205 
288 
185 

















277£13 
417 
258 
304 
365 








336423 








308+17 


973 
992 
925 
964 
998 





970+9 


937 
1, 286 
I, 290 

810 
1,172 








1, 099 +76 
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TABLE XXVII.—Water requirement of native and introduced grasses at Akron, Colo., 
in 1913—Continued 














Water re- 
Plant and period of growth. a Dry matter.| Water. pie gesy 
dry matter. 
1913. Grams. Kilos. 
133 94. 8 QI. 2 962 
134 19%.3 | 124.9 | 3,208 
Brome-grass, combined crops, May 23 to Oct. 22./{ 135 112.1 116.9 | 1,043 
136 87.7 80. 4 916 
138 119.6 | 126.3 | 1,056 
CC Ree re ero aE Rr remnant ng) arr eatin, Mekirenee ces 1,016+26 
67 25.9 19. 2 741 
68 33-6 22.4 667 
Wheat-grass (A gropyroncristatum), S. P. I. 19537, 69 24.3 16. 1 663 
Hest crop, Jume 5 to July 19..6606:.6<00s00c6s55 01) “FO 23.0 19. 3 839 
q1 17. 2 13.8 808 
72 34.0 25.8 759 
eS Re ane OTe ren Ary ey Meare aay err tr 746421 








67 49-0} 37-9 | 77: 

= Let 585 

. 9 53- 29. 3 547 
Wheat-grass, second crop, July 19 to Oct. 22.... "0 38.0 oa. 693 
71 46. 1 34-8} 755 

72 66. 2 51.3 775 





Men eer rc rT tered rena ease ee ree 688 +31 


9] 57-1 762 

68 10. 6 67.5 610 

Wheat-grass, combined crop, June 5 to Oct. 22.. ms hg re ” 
71 2.2 48. 6 769 

2 ae 769 


Bibi Hb co leis beavere wi erace ai si civ winnie siales isle UPanls Aiea eala re po RNE DS ote ee en 705427 





3! 5 sO | fy 29g 

| 236 41.4 43.1 | 1,040 

Wheat-grass, western (Agropyron Smithit), June |) 237 18. 3 15.2 831 
PPE ROE OS 6 as 50 006 V 5 Kir eas VON R ees es cea 238 21.1 23.0 | 1,087 
239 25.6 28.9 | 1,128 

7 1,179 











Pe en OR ere errr es eerie aaron Ati: Sk ne ocre 1,076+29 





WEEDS 


A number of weeds were grown in pots at Akron in 1913, in order to 
determine their water requirement. (Table XXVIII.) Most of these 
were planted late in the season, after the crops of grain had been removed. 
Pigweed and the annual sunflower were, however, started at the beginning 
of the season. Three crops of pigweed were produced, the water require- 
ment for the first, second, third, and combined cuttings, based on dry 
matter, being 325+10, 32644, 278+7, and 320+7, respectively. 
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Sunflower, which made an excellent growth, gave a water requirement 
of 705+8. Sunflower thus requires almost three times as much water 
as pigweed and 86 per cent as much water as alfalfa. 

A comparison of the water requirement of pigweed during the three 
periods of growth will show that the water requirement is not greatly 
affected by the period of growth. 

If this holds for the other weeds, no great error will be produced in 
comparing the water requirement of these plants without regard to the 
period during which they were grown. The water requirement is, how- 
ever, probably slightly less than it would have been if the plants had 
been grown in midsummer. The results obtained, based on the produc- 
tion of dry matter, are as follows: 


Variety of weed Water requirement 
Puirslane (Portulaced G6tate’). ..0cesccccccccdssccvesevseeccies 2g2+11 
Pigweed (Amaranthus retroflexus)....... 0000 cc cece cence nee eues 320+7 
Cocklebur (Xanthium commune). ......... 000 ccc cee eccceeceees 432413 
Narrow-leaved sunflower from sand hills (Helianthus petiolaris).. 570411 
Annual sunflower (Helianthus annuus). .....0..000000 600 c cece 7o5+8 
Narrow-leaved sunflower from near Akron (Helianthus petiolaris). 774420 
Lamb’s-quarters (Chenopodium album)...............0..0..0... 801441 
Fetid marigold (Boebera papposa) ............ 0c cece eeeceees 881 +26 
Western ragweed (Ambrosia artemisifolia)...........60.00 00005 948466 


Purslane and pigweed, two introduced weeds, appear to be excep- 
tionally efficient plants, their water requirement being only slightly 
higher than that of Kursk millet and in practical agreement with the 
sorghums. Some of the indigenous weeds were also found to be fairly 
efficient, cocklebur, a plant found in stream beds and about ponds, 
having a water requirement 13 per cent less than wheat, while the narrow- 
leaved sunflower from the sand hills had a water requirement 31 per cent 
less than alfalfa. Lamb’s-quarters, an introduced plant, and fetid 
marigold (Pl. VII, fig. 2) and western ragweed, indigenous plants, have 
a slightly higher water requirement than alfalfa. 

It is evident, therefore, that the common weeds differ greatly in water 
requirement. A growth of weeds in a crop or on summer fallow repre- 
sents a tremendous loss of moisture, a thousand pounds per acre of the 
most efficient weeds representing a loss of at least 1.5 inches of stored 
rainfall, or from 4 to 5 inches of stored rainfall in the case of the weeds 
having a high water requirement. The latter figures represent about 
the maximum amount of moisture that can be stored in fallow land. It 
is therefore easy to understand how the whole of the stored moisture 
supply may be lost through the growth of a moderate crop of weeds, and 
these varieties having a high water requirement are especially to be 
dreaded. 
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TaBLE XXVIII.—Water requirement of weeds at Akron, Colo. 


| 
| 
| 
Plant and period of growth. 


1913. 


Sunflower (Helianthus | 
annuus), June 5 to | 
Sept. 15 





reer re 
Sunflower, narrow- 
leaved (Helianthus 
petiolaris), July 25 
| a eee 
Tere | 
Sunflower, narrow- 
leaved (Helianthus 
petiolaris), from 


Sand hills, Aug. 13 
WO PEDE. TB. ow ee cca 


Mean 


Marigold, fetid (Boe- 
bera papposa), Led 
25 to Sept. 17. 


Lamb’s-quarters (Chen- 
opodium album), 
July 25 to Sept. 17.. 


Ragweed, western 
(Ambrosia artemisi- 
— Aug. 1 to 

ae eee 





Pot 
No. 





Dry 
matter. 


Grams. 
516. 
554- 
502. 
4590. 
512. 
507. 


NunNNHO OD 


Grain. 








Water. 


Grain. 


Per cent. 
13 
10 
13 
I2 
12 








7 | 39972 


, in 1913 


Water requirement 
based on— 





drain. |Dry matter. 


| 
| 
9, 180 | 
5, 161 
6, 625 
5) 725 | 
5) 900 | 
5,710 | 








| 6, 384383 | 7058 








691 
735 
736 
842 
848 
792 


| §, 261 


4, 695 
5, 218 
6, 061 
5, 141 





5,0584132 | 774420 
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TABLE XXVIII.—Water requirement of weeds at Akron, Colo., in 1913—Continued 





















































| i ie "Waterson uinement - 
Plant and period of growth. ma | Grain. | Water. | Grain. pannnahendl . 
| Grain. | Dry matter. 
‘: a "| nn 
1913. Grams. | Grams. | Kilos. | Percent. | 
gI MON Pewee: ed Seer eel Cone eee) Oe 
Pigweed (Amaranthus pod gt ce Tana ghd | 377 
OS F846 2 foc ceca yi | eee! Onset comers 306 
retroflexus), June 12 ee: 
to July 19. .......... al ee ee OG | RD! Seer ere 293 
gl ee Aol Sera ae ee 
GO IGI Ee cccas Oi) 9] eee Merry earner | 345 
POEM acne veusicecusias cera ecnetinaweces ern Pree 325+10 
GET Fe Ghisce ces ot | nee Creer err, ae 
g2 ay ere a) EN FERS ne | 323 
Pigweed, second crop, OD) §¢ |. ..5.'<< | Sane Rae ace 
July 19 to Sept. 1....}} 94] 54.9 ]....... 1: | eee a ee nena | 326 
GG) GG fies. inn WG i. ceabi neces cade: | 337 
eee | RD iss exo shtiewesas -| 340 
| pena 0 
jee ees ee ee ee re ....| 32644 
gt | ee | eee Oe et sae 
92 Lo: | Cer 3.6 Teer eT ee 
Pigweed, third crop, a) ee | heen : 288 
wept. sto Oct..4....0) O61 16:7)]. <2... ia. || eer ape eel 251 
OO) T86)....... i:  teeer Caaseee 262 
GE SO hes wines ee | CR eee 263 
NN 69 concider Ponuee dnea sedis escens aa Hee 278+7 
ra re | AB Silcverestac: 312 
Pigweed, combined 92 wes 4 leaded e 9 - 
crops, June 12 to 93 ¢ 4 ieee | oe 4 taba “a 
Oct. 4 O4 | 160:6)....... iL) Ane Cees 299 
eee Popol aa a Dt ew re D SIM Rereauetiuls oaneasnteo 307 
, A 2 ry | See 337 
CONN els decigus ushers one aiauk weeeiewanccben tue mbenees es 32047 
Purslane (Portulaca i we , 
oleracea), July 18 to | 
WOU WES cecetecuines 193 | 164.3 |.-.5<.-; 33-2 322 
241 CS eee ee eae 246 
242 S| ee UN oie be ico Oh win wig Career 268 
Purslane, Aug. 21 to |} 243] 33.5 |....... | 7 [eveee. eee ore | 289 
1 ay ee eee CTT" ie 37S eee | WRG Josvcesdevveccsas ..| 284 
BAG) GeS bus oss || Ayaan, Gaerne , ..| 266 
246| 18.8 - oh emer Oe 372 
| CC! | Ae Pe) ORION Sees, - Moreton 292+11 





RELATIVE WATER-REQUIREMENT MEASUREMENTS 


The relative water requirement of the different varieties of plants 
grown at Akron in 1912 is summarized in Table XXIX, Kubanka wheat 
being used as a basis of comparison. Grimm alfalfa is seen to have the 
highest water requirement of the 42 species and varieties tested during 
1912, while Kursk millet proved the most efficient of all the plants 
tested. The varieties are also grouped on the basis of crop or genus, and 
their mean water requirement compared with the mean water require- 

60300°—14——4 
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ment of the wheat varieties. The relative water requirement on this 
basis is given in the last column of Table XXIX. 

The quantity of water required by the various crops for the production 
of a unit amount of seed or grain at Akron in 1912 is summarized in 
Table XXIV. Rye is seen to be the least efficient of the grain-producing 
crops tested, with Voronezh proso the most efficient. 


TABLE XXIX.—Summary of water-requirement measurements at Akron, Colo., in 1912 


WATER REQUIREMENT BASED ON DRY MATTER PRODUCED 



































Water requirement of— 
Variety. Crop (or genus). 
Crop and variety. Botanical name. Relative Relative, 
compared compared 
Actual. with Actual. with 
Kubanka (Trt 
wheat. Triticum 
spp.). 
IgI2. 
Alfalfa: 
Grimm, S. P. I. | Medicago sativa....] 65946 | 1.67-+0. 03 
25695. 658 1. 60 
Grimm, A. D. I. |..... BD ica avis ain aisies 657411] 1.67+ .04 
E. 23-20-52. 
Clover, sweet..........] Melilotus alba..... 638+4 | 1. 62+ .03 638 1. 56 
Rice, Honduras...... Oryza sativa........| 519-13] 1. 32+ .04 519 I. 27 
CECB 50s ov ees Cicer arietinum. ... Stot14] 1. 29+ .04 510 I. 24 
mye, QOTing. . .....-.. Secale cereale...... 496+9 | 1.264 .03 496 I. aI 
Cotton, Triumph...... Gossypium hirsu- 488+14] 1.244 .04 488 I. 19 
tum. 
. \(Artemisia frigida... 474414] 1. 20+ .04 
tt plants........ (Grindelia squarrosa.| 468+18) 1. 19+ ‘= 47% = 
ats: 
Sixty-Day.......] Avena sativa......] 491413] 1. 25+ .04 
Seer Cee eer 449+3 | 1.144 .02 08 
Swedish Select... .}..... ee 423+5 | 1.07+ .02 441 " 
oc ee eee een 39946 | 1.0r+ .02 
Barley: 
Hannchen.......| Hordeum distichon.} 443+3 | 1.124 .02 
White Hull-less...| Hordeum vulgare. .}| 439+1 | 1. 11+ . 02! , 
ree eee cd xteseasiewts 416+4 ] 1.06+ . 02| 435 diate 
DGREGIONM. .. 0.066. shic ces DE SiPiinxsaess 403+8 | 1.02+ .03 
Wheat: 
Spring Ghirka....} Triticumaestivum..| 45743 | 1.164 .02 
Marvel Bluestem. .|..... ME Sts Ccmnian's 451+4 | 1.144 .02 
Oe Triticum dicoccum.; 42843 | 1.094 .02 
Kubanka........] Triticum durum....} 39447 | 1.00 = sales 
Kharkov..........| Triticumaestivum..| 365+6] .93+ .02 
pe eer eee | ee er 36446 | .92+ .02 
Sugar beet: 
Kleinwanzleben. .| Beta vulgaris......| 321+8] .8r+ .03 321 . 78 
m: 
China White...... TOG MAYS. 5 060055 315+7 | .80+ .02 
Iowa Silvermine..|..... a Pe an go2z+7| .77+% .02 
| ee eee reer Wrscn sie tesieed 295460] .754: .02 
China White XLa- |..... WES csp tenis es 289+4] .73- .02 
guna. 
Ny aoa owns 08 WB ackarnh eakce ts 285+7 724 .02I) 286 .70 
Northwestern |..... Pe eecrenrn ees 280+10} . 71+ .03 
Dent. 
China White X Es- |..... aera ee 25042 | .63-+ .o1 
peranza. 
RPOTORER:. 6 6. 6:65:0..1b.0.6:0:8 eee 23943 ' .61+ .o1 
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TABLE XXIX.—Summary of water-requirement measurements at Akron, Colo., in 
1912—Continued 


WATER REQUIREMENT BASED ON DRY MATTER PRODUCED—Continued 




















Sudan grass...... 


Water requirement of— 
} Variety. Crop (or genus). 
| 
Crop and variety. Botanical name. 3 
Relative, Relative, 
compared — 
Actual. with Actual. wheat 
— — 
‘ spp.). 
—_—_——_—_———_—| enslati 
IgI2. | 
| 
Sorghum: | 
| 


Andropogon _sor- 359+2 jo. 91-0. 02]] 
ghum aethiopicus. 


Milo, Dwarf......| Andropogonsorghum| 273+4 | .69+ .02 





























Kafir, Blackhull..|..... GS cahcer aires 259+5 | .66+ .02 
Durra, White..... eee uve shennacon 255+3 |.65+ .02/) 262 0. 64 
i eee ere aes ea ee 249+3 | .63+ .02 
Minnesota Amber.}.....do............. 23942 |.614+ .o1 
ES “a 237+4 | .60+ .or 
Kaoliang, Brown..|..... i Mee hirer 223t1r |.57+ .0F 
Millet: | 
German... 66... | Chaetochloa italica. 248+7 | .63+ .02 218 - 53 
i EERO ree ee ities idle ha wer ha erece 187+2 |.47+ .0o1 207 - gi 
Proso: | 
i ee | Panicum miliaceum 20o8t+r | .534 .01 \ i 
Voronezh......... | eee Mcnttgeaen tees 206+1 |. 52+ .o1 _ - 
WATER REQUIREMENT BASED ON GRAIN OR SEED PRODUCED 
| 
CR > Secale cereale...... 1, 802+62 |1.6r-+0. 08} 1, 802 I. 50 
— Dae dares 'e-ottels Cicer arietinum. ....| 1, 348+114/1.21% .11] 1,348 I. 13 
ats: 
oo: .......| Avena sativa......] 1,4164119/1. 27+ .12 
ree ope CEE eee 1,224+55 |1. 10+ .07 
MRED. ws cc cesbewsied Ose oy wince I, 172+133|1. o5+ z| “sore = 
Swedish Select. ..|..... MiSs cae emacs I, 10318 | .gg+ .04 
Wheat: 
Marvel Bluestem. .| Triticum aestivum. .| 1, 573-49 |1. 42+ .06 
Spring Ghirka.....|..... NU 2? civia wan sad 1, 468+34 |r. 32+ . 06 
Kubanka........| Triticum durum... .} 1, 111437 |1. 00 — 7 
Kharkov..........| Triticum aestivum. .| 1,064+60 | . 964 . o6}f ** *9’ ; 
oe sore WE se acskucgavs 995422 | .got .04 
[oo ee Triticum dicoccum.| 984418 | . 89+ .03 
Barley: 
White Hull-less...| Hordeum vulgare...} 1,239+11 |1. 11 .04 
pS eer) ee fees | 1,017+83 | .g2+ . o8|| , oi 88 
Hannchen.......} Hordeum distichon.! 1,005+36 | .go+ .o4|| ’ * : 
|. ee Hordeum vulgare... g4tt10 | .84+ .03 
Sorghum: 
Kaoliang, Brown..} Andropogon __ sor- 927438 | .83- .04 
ghum. 767 . 64 
Minnesota Amber.|..... as aeaemarcas 607+15 |. 554 .02 
Millet: 
) Skee eee Chaetochloa italica.| 483411 | . 43+ .02 483 41 
Proso: | 
i ee .| Panicum miliaceum 482+9 |.43+. oh asa 38 
VOROMOSR. 65.600: mere er rT | 42544 |.384 .o1 5 ; 
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The relative water requirement of the different varieties included in the 
1913 experiments will be found summarized on the basis of dry matter 
in Table XXX and on the basis of grain production in Table XXXI. 
Fifty-five species and varieties were included in these measurements. 
Reference to these tables will show that a number of plants had a higher 
water requirement than alfalfa, heretofore the most inefficient in the use 
On the other hand, 
millet maintains its supremacy as the most efficient plant so far included 
in the water-requirement measurements. 


of water of any plant included in these experiments. 


TABLE XXX. 


based on dry matter produced 


| 


Crop and variety. 


Igl3. 


Wheat-grass, western. .........| 


Brome-grass 
Ragweed, western 
re 
Ra ere 
Marigold, fetid............... 
Serene 
Alfalfa, Grimm 
SOY TOMI WG. 655i 6 occ tse 0 xs 
Clover, crimson.............. 
Iamb’s-quarters............. 
Oo -: e 
Bean, horse, S. P. I. 15429... . 
Pea, Cc anada field Pe Mets aint 
Sunflower, narrow leaved.... 
Bean, Mexican. or 
Bean, horse, S. P.I. 25645. hae 
Squz ash , ee 
Rice, Honduras Sy a ee 
Ms i skp secosa cans vy is mites 
Potato, McCormick 
Cucumber.. 
Sunflower, mente... ccs ces 
a 
MOUS MOG 586503 6 sintweucy 
Ey, SAN ge ee 
Bean, soy, cultivated......... 
Potato, Irish Cobbler. ....... 
Cotton, Triumph Tae 
Alfalfa, Peruvian............ 
eer ee rey 
Cantaloupe 
Oat: 
Swedish Select. .......... 


I ae err 

Sunflower, narrow-leaved, 
from sand hills. 

NINN 65 o8555.66.6 Sco yh aria 

Wheat, Kubanka............. 

COOGIOIIES a s5cnsisasc cc avceees 





| Water require- | 





Summary of water-requirement measurements at Akron, Colo., in 1913, 





Relative, as 











Botanical name. | ment. | with Mahenks 
| wheat. 
| 

Agropyron Smithii........ | 1,076+29| 2.17-b0. * 
Bromus inermis........... | 1,016+26] 2.104. 
Ambrosia artemisifolia. .. .| 948466 | 1.914 = 
Vicia atropurpurea....... 935+9 1. 89+ .03 
Linum usatissimum....... go5+25 | 1.82+ .05 
Boebera papposa........ 881426 | 1.78+ .06 
Cucurbita pepo.......... 834417 | 1.684% .04 
Medicago sativa lace catiesee 834+8 1.68+ .02 
Glycine soja . eet 815425 1.644 .05 
Trifolium incarnatum.. ... 805+8 1. 62+ .02 
Chenopodium album...... 80r+41 | 1.62+ .08 
Trifolium repens. ........ 789+9 I. 59+ .02 
WICIR TAM isiciy cia cs Cis 50% 7o+19 | 1.574 .04 
Pisum sativum........... 7755 I. 56+ .02 
Helianthus petiolaris. .... 774420] 1.564% .04 
Phaseolus vulgaris... .... 773+8 1. 56+ .02 
WICIAOOR seen sos c05 772411 | 1.564 .03 
Cucurbita maxima....... 748+8 I. 51+ .02 
ON VED BATE soos civics 744417 | 1.504 .04 
BrasHica WAPUS ...66660056 55 74347 I. 50+ .02 
Solanum tuberosum. ..... W7t11 | 145+ .03 
Cucumbis sativa .......... 7IZt11 | 1.444 .03 
Helianthus annuus........ 705+8 I. 42+ .02 
Agropyron cristatum...... 705+27 |) 1.41 .06 
WAGIR VIOIR e o.5 665 0:5 osu 690+8 I. 39+ .02 
Phaseolus vulgaris....... 682+4 1. 38+ .02 
Glycine hispida........... 672+9 1.354 .02 
Solanum tuberosum...... 659415] 1.334 .03 
Gossypium hirsutum..... 657411 | 1.334 .03 
Medicago sativa.......... 651+12} 1.314 .03 
Brassica fapa.....4......: 639431 | 1629+ .06 
CuCUMIA MEO. 6.666055: 621427 | 1.25+ .06 
on sativa. . 617+9 1.24 .02 
ee eT 617+5 1.24 .02 
Citrulls vulgaris......... GootI5 | 1.21 .03 
Vigna sinensis............ 57143 1.I§t .O4 
Helianthus petiolaris..... S7ot11 | 15+ .03 
Brassica, oleracea capitata. 53047 1.09+ .02 
Triticum durum.......... 496+5 . 00 
Xanthium commune..... 432413 87+ .03 
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TABLE XXX.—Summary of water requirement measurements at Akron, Colo., 


in 1913, 
based on dry matter produced—Continued 


| 
| Relative as 
| 
| 











Crop and variety. Botanical name. | Ww ee | Fa a. 
| wheat. 
nina | | 
| | 
1913. 
Corn: 
China Witite. ........ 25.55 v3, ae 415+4 | 0.84+0.01 
Bloody Butcher.........}..... Eee ap omree re ay 4o5+ . 82+ .02 
Northwestern Dent......'..... Cre 399+12 80+ .03 
Teosinte, Durango...... Euchlene mexicana. 390411 79+ 02 
Grass, buffalo and grama.. Bulbilis dacty loides and 389412 - 78+ .03 
Boutelona gracilis. 
China WhiteXTeosinte ...... eevay Re naval he eee ores 376+4 .764 .or 
Corn: 
1 ee eee MME ON eso ea ese 35048 71+ .02 
China White XHopi......}..... OPES ssa:o ndecd areratientes 34543 70+ .o1 
RG NG 6s 300d. ce eae CUE CTT CLE 34245 .69+ .o1 
Dn. eee ....| Amaranthus retroflexus... 32047 .65+ .02 
Cree WERRIO oc scenes Bulbilis dactyloides....... 308+17 61+ .04 
Sorghum: | 
Minnesota Amber........ | sateen sorghum... 298+2 | .6o0+ .or 
Red Amber .....:....-:. RARE eg DO RR 296+1 | . sgt .or 
i. re een ‘ oleracea........ 292+11 | .59+ .02 
Millet, Kursk. ..............| Chaetochloa italica...... 28644 .538:-+ .o1 


TaBLE XXXI.—Summary of water-requirement measurements 


in 1913 based on grain, 
tubers, roots, or fruit produced 


| Relative water 

















Crop and variety. } Rotanical name. | —— aaa 
| : with Kubanka 
| wheat: 
| 
1913. 
Sunflower: 
Ye eran” Helianthus annuus. .......} 6, 384-383 | 4.83+0. 29 
Narrow-leaved........... Helianthus petiolaris.....} 5,058+132 | 3.834 .11 
Ws. hots Sean chet de Linum usitatissimum......} 2,835+52 2.14 .05 
Pea, Canada field............ Pisum sativum......... 2,322+121 | 1.764 .11 
WOE OU ek Ske ts asa Glycine soja........... 2,053+51 1.554 .04 
Potato, Irish Cobbler . Solanum tuberosum. .....} 2,027+197 | 1.53+ .16 
Bean, Mexican. . ........, Phaseolus vulgaris... ....| 1,888+62 1.434 .05 
Oats, a Select. Avena sativa.......... 1, 876455 I. 41+ .04 
Cantaloupe. . Cucumis melo...........| 1,8244237 | 1.38+ .18 
WOM NOU ois cacecer pian lees Phaseolus vulgaris... ....| 1,646+36 I.25+ .03 
A Es Mecdvac ceva eeeee Avena sativa........ | 1, 641433 1.24+ .03 
COGIIINOE ic hc wsorieet Cease Cucumis sativa..........| 1,611+67 1.22+ .05 
Ca) BOE Cee. Vigna sinensis........ ..| 1, 576432 I. 19+ .03 
MMe cd cete ves ceies Brassica campestris.......] 1,530+132 | 1.16+ .10 
Wheat, Kubanka.............| Triticum durum........ I, 322+16 I. 00 
Corn, Northern Dent........| Zea mays.......... wecee] Ey 2QPe97 944 .06 
Watermelon. . seeeeeeee| Citrullus vulgaris... .....| 1,146+49 87+ .04 
Sorghum, Red Amber... .... Andropogon sorgum.......} 1, 100+31 83+ .03 
Corn, Indian Flint. | Zea ROU cicorein ake eek 50.4] 854431 65+ .o1 
Sorghum, Minnesota Amber. .| Andropogon sorghum......' 76512 . 58+ .o1 
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COMPARISON OF THE WATER REQUIREMENT OF CROPS AT AKRON, 
COLO., IN 1911, 1912, AND 1913 


Climatic conditions at Akron during the summer of 1912 were less 
severe than during the preceding summer. The rainfall in 1912 was much 
greater than in 1911, the temperature was lower, and the evaporation was 
less. These conditions were apparently due in part to a marked reduc- 
tion in the intensity of the solar radiation at the earth’s surface following 
the eruption of Mount Katmai, Alaska, early in June, 1912, the dust 
from which produced a haze in the upper atmosphere. Abbot and Fowle 
(1913) observed aimaximum reduction in the solar radiation of about 20 
per cent at Bassour, Algeria, and at Mount Wilson, Cal., Kimball (1913, b) 
reports an average reduction of 17 per cent in the intensity of the solar 
radiation at Mount Weather, Va., during the last half of 1912, while Briggs 
and Belz (1913) have shown that there was a general reduction in the 
evaporation from a free-water surface during the summer months follow- 
ing the eruption. It is consequently of interest to determine whether the 
diminution in the intensity of the solar radiation was accompanied by a 
reduction in the water requirement in 1912. Such a comparison is possi- 
ble in connection with the Akron experiments, since a large number of the 
varieties employed in the experiments of 1911 were also included in the 
1912 measurements. All varieties showed in 1912 a marked reduction 
in the water requirement as compared with 1911. The measurements 
for each year are given in Table XXXII, together with the ratio of the 
1912 to the 1911 measurements. The 1912 measurements show an aver- 
age reduction in the water requirement of 212 per cent for the 25 varie- 
ties tested during both years. The individual ratios fluctuate somewhat, 
doubtless owing in part to errors of experiments,' but in part also to the 
different response of individual varieties to changed climatic conditions. 





1 It should be mentioned here that the plants were fertilized in 1912 and not in 1911. This is a matter of 
importance in this connection, because it is well established that any deficiency in plant food increases 
the water requirement. ‘The effect of the addition of fertilizer on the water requirement was measured 
both years. The use of fertilizer resulted in a slight reduction (642.3 per cent) in the water requirement 
of Kubanka wheat at Akron in 1911, comparing pots 7 to 12, fertilized, with pots 1 to 6, unfertilized. These 
pots stood side by side in the inclosure. (See Briggs and Shantz, ro13a, p. 19.) Im rox2 the fertilized 
Kubanka wheat plants showed a slight increase in water requirement—namely, 5+2.3 per cent, compar- 
ing pots 1 to 6 against pots 7 to 12. The differences in each instance are without significance when the 
errors are considered and are furthermore of opposite sign, so that the addition of fertilizer may be con- 
sidered to have had no effect on the water requirement, so far as Kubanka wheat was concerned. Rich 
surface soil from the same source was employed in the experiments of both years. 
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TABLE XXXII.—Comparison of water-requirement measurements at Akron, Colo., in 
IQII and IgI2 





Water requirement 


| 
| 
| 
| 
| 














Crop. F a 
} 1911. 1912. 
Wheat: | 
La Se cer eer ere rere cre veel 468+8 30447 |0.84+0. 02 
UUM oo hain ce cadens cues pawucerueuea 531+5 451t4 |.85+ .o1 
Spring CAND a ics dates KO KK ene cRnegeranteten 506+3 457+3 |.90+ .o1 
MN a veka te cneiRaretaneabece eet eae | 53414 | 42843 | .80+ .02 
Oats: 
Sixty-Day........ ut hed Walls wctene ae becnehes | G6o5+5 491+13 | . 81+ .02 
WN 63005 Con Cov aks bucheusnenkes peewee ewes | 63947 44943 |.70o+ .o1 
INI cc Leica cca snoene Curse ovules ecaren | s98+14] 399+6 | .67+ .02 
COWOMTININ CHRIOCE, oo cicccccccueudohestincewas 615+7 423+5 | .69+% .o1 
Barley: 
MEN a ou See Sunk dinds aed Rowe eee ake 527+8 44343 | .84+ .01 
NUMNNE og C08 cavers 06 3 824 ew ERC RR KNEE MES 54342 4164+4 |.76+ .o1 
EMME EIEIO Se oye cca coceny dhecwen wees 54243 43941 |.81+ .01 
EAD bir weae nanan di dendiendeaaenel 54449 403+8 -74+ .02 
PERO SMR os ds pacere ence cwtammvesovasskaanenedy | 724+7 496+9 | .69+ .o1 
Corn: 
PHONGINWIRGEETTN DIONE oii sic bocce wd tenet ecwens 368+10] 280+10]| .75+ .03 
MWe MOOR ee seve. cece wis dee canweeukees 42043 302+7 | .72+ .02 
Esperanza TX E A CERO EET CEE ee eee 319+5 23943 -79+ .OF 
Sorghum 
MFR d oon Sica wa Ninwaeascuecewans waned 298+4 23744 |.80+ .02 
RE WOEE soe ads roNalsit meeobonwaecewkene’ 33343 27344 | .82+ .02 
NT MOUND Scio scos side messin weal coauapad 278+5 25945 |.93+ .02 
GPT ed boc caa tens x cadae tens ecawcdey 321+2 255+3 |.79+ -o8 
PEON RINOWEN 5.35 os oy cccece uvedss eencesnes 30143 223+1 |.74+ .08 
MPRIAR: CHINO S Coc hah Ai eds in coe moednareuenne 263+15 | 248+7 | .94+ .05 
Legumes: 
Ji SCP ee re ee eee eRe Cee 1,068+16 | 659+6 | .624+ .03 
CCE OOO ici SS ER Be cn neon 709+9 638+4 | .90+ .02 
WOO s CN ysis ceived Sxeoukob vlabawearesene es’ 37748 321+8 | .85+ .03 
Mean water-requirement ratio for 1912 to 
ROWE cote cue clevRxtis wisiuweubabea sees evasdecuned Pcescedass -794 .02 
Mean evaporation ratio for June, July, and 
PWGUB, 1608 MIGHT Si cos seces cesta zascn 1p Pivuwdewens 75+ .03 
| 








Evaporation measurements from a free-water surface at Akron are 
also available for 1911 and 1912 (Briggs and Belz, 1910, p. 17). The 
ratio of the evaporation in 1912 to that in 1911 by months is as follows: 
June, 0.69; July, 0.78; August, 0.79. The average ratio during these 
three months is 0.75+0.03. This corresponds to a reduction of 25+3 
per cent in evaporation as compared with a reduction of 21+2 per cent 
in the water requirement. The change in the water requirement of 
these 25 varieties taken together is seen to be in approximate agreement 
with the change in evaporation from a free-water surface. A consid- 
eration of the individual ratios indicates, however, that different varie- 
ties may respond quite differently to the same change in climatic con- 
ditions. 

To investigate further the variation in water requirement due to 
differences in climatic conditions, a number of varieties were also 





| 
i 
| 


a 
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included in the measurements of both 1912 and 1913. The ratios of 
the water requirement of these crops in 1912 to that in 1913 are given 
in Table XXXIII. Similar ratios are also given for crops grown in 
1git and 1913. It will be seen that the mean 1913-1911 ratio approxi- 
mates unity; in other words, the mean water requirement of the crops 
under investigation was practically the same for both years. The 
water requirement in 1912 is seen to be far below the 1913 value, the 
mean ratio being 0.75+0.01. The mean ratio of the monthly evapora- 
tion for June, July, and August, 1912, compared with 1913, is 0.80+ 
0.02, which is in approximate agreement with the ratio of the water 
requirement of crops grown during the two years. 

The crops at Akron as influenced by climatic conditions in 1911, 1912, 
and 1913 may then be summarized as follows: 


TABLE XXXIII.—Comparison of the water requirement of the same crops at Akron, 
Colo., 1911, 1912, and 1913 


Water requirement. 


























Pe oe ae . 
Crop. | | Ratio. 
| 1911. | 1912. 1913. 
| | 1913 to 1911. = 
Ee eee Se — 
| 
Wheat, Kubanka............ 468+8 | 39447 | 49645 | 1.06 o. 80 
Oats: 
Swedish Select........... 615+7 | 42345 | 617+9 | 1.00 . 69 
Ree eee 63947 | 44943 | 61745 -97 a 
Corn: 
Northwestern Dent......| 368+10 | 280+10 | 399412 | 1.08 .70 
_ Eran re a) een oe ay Me OR Ae . 80 
Oe ies casicrna haw sat owas StS? 1 ACO be ccc ewen. 76 
Sorghum: 
Minnesota Amber... 6... locsccsccces Q5948 [29049 |n.ciscccens . 80 
Red Amber.............] 29844 | 23744 | 29641 -99 . 80 
RRCIIN SS, inte cise werwhad ones 187+2 ee are . 66 
Legumes: 
Alfalfa, Grimm. .........| 1,068+16 | 657-11 | 834+8 «99 -79 
Pea, Canada field........| 800+17 ]......... 97545 PON dlrweswadcs 
Potato; trish Cobbler.........| 4481? ]o.cs.ces. GeOdTS | TAF | aveccecee 
RSS Walaa iisnmnsllssests | wren te 48814 | 657411 |........... “oy 
eo ere Te Pee eS MOPRQ 1 FAGEIT | 0.00 cc ccccere 67 
Mean water requirement | | 
eT ee ce Lee Scsise rele le AME rere arenes wee ek 1.04+.04 | .75-01 
Evaporation in inches for | 
three summer months. | 28. 46 21. 42 26.75 | .944.04 . 80+02 
} 


The conditions during 1911 and 1913 were such as to give rise to prac- 
tically the same water requirement. The water requirement of crops 
grown in 1912 was on the average only 79+2 per cent of crops grown in 
1911 and 75+2 per cent of crops grown in 1913. Therefore, in order to 
determine the relative water requirement of the different crops, it appears 
justifiable to increase the 1912 water requirement ratios by the reciprocal 
of o.77—namely, 1.3. This procedure has been followed in the summary 
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table (Table XXXIV), which places the water requirement of all crops 
upon the basis of years similar to 1911 and 1913. When the water- 
requirement measurement of any particular crop extended over more 
than one year, the mean value of the several water-requirement deter- 
minations is given in Table XXXIV. 


SUMMARY 


This paper deals with the measurement of the water requirement of 
plants at Akron, Colo., in the central portion of the Great Plains. The 
term ‘‘water requirement” is here used to express the ratio of the water 
absorbed by a plant during its period of growth to the dry matter pro- 
duced. The plants were grown to maturity in large galvanized-iron pots 
having a capacity of about 115 kg. of soil. Each pot was provided witha 
tight-fitting cover having openings for the stems of the plants, the annular 
space between the stem of the plant and the cover being sealed with wax. 
The loss of water was thus practically confined to that taking place 
through transpiration, and the entrance of rainfall was almost wholly 
prevented. The pots were weighed two or three times weekly to deter- 
mine the amount of water required to maintain normal weight. Water 
was delivered from 2-liter calibrated flasks through stoppered openings in 
the middle of the cover to a 5-inch flowerpot sunk in the soil immediately 
beneath the cover. 

To protect the plants from birds and severe wind and hail storms, it 
was found necessary to conduct the experiments in a screened inclosure. 
Pyrheliometric measurements showed that the inclosure reduced the 
radiation about 20 per cent. Water-requirement measurements con- 
ducted simultaneously with the same plants inside and outside the 
inclosure showed that the inclosure also reduced the water requirement 
approximately 20 per cent. 

Rich surface soil was used in the pots, and the pots were also fertilized 
to insure an adequate supply of plant food. Six pots of plants of each 
variety were used, and the water requirement of each pot was deter- 
mined independently, in order to provide a basis for the determination 
of the probable errors of the experiment. 

The detailed results given in the paper comprise measurements of 44 
species and varieties in 1912 and 55 in 1913. The writers’ 1911 measure- 
ments have also been included in the summary table. The years 1911 
and 1913 were similar in character, and the same plants grown during 
both years gave practically the same water requirement. The year 
1912 was cooler and the evaporation and light intensity were much 
lower. ‘These conditions had a marked influence on the water require- 
ment, the mean water requirement in 1912 being only 77 per cent of 
that in 1911 and 1913. In order to place all of the determinations 
upon a comparative basis, the 1912 measurements have accordingly 
been increased 30 per cent in the summary table (Table XXXIV). 
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TABLE XXXIV.—Summary of water-requirement determinations at Akron, Colo., in 
IQII, 1912, and 1913, based on the production of dry matier | 
Water requirement. 
Num- 
Plant Botanical name. i paeee ial 
; serva- | Of species or a 
tions, variety. genus. 
GRAIN CROPS. 
Proso: Years. 
Voronerh, C.:1. 16.60.0806: Panicum miliaceum...... I 268-+1 
TOMO, Ss. 1). 266 ..0.0.00:6:6:5 [5.0505 scenes on ci 58 I 27041 293 
Black Voronezh, S. D. 334.]..... Oi oscaina save mites esl I 341+10 
Millet: | 
Kursk, S. P. I. 30029... .| Chaetochloaitalica........| I 261415 
NR AE: Ce ae MIs cre ner saves cow Thee 2 265+3 | 
Kursk, 9 fy A ee, eee WG oatsctin eae Sieh ointe I 28742 | 310 
German, S..P..1..2684s). .. «|... Ue tres deere ereraisres | 2 293+9 
Turkestan, S. P. I. 20694...|..... WR iss caren Pree ackineen etre I 44449 | 
Sorghum: 
Kafir, Dwarf Blackhull, | Andropogon sorghum...... I 28543 
Cit. 340. 
_— 3 Brown; S..P. 1. |..56. Rat a eee es 2 296+2 
Kafir, White, MARU a savas ois GUiivcnsssave se ceayews I 2907+4 
Red Amber, S. P. I. 17563. paar Dawn veancen tevin 3 301-2 
Kafir, Early Blackhull, |..... ON a Saad ae hd ae I 302413 
>. I. 472. 
oy Amber, A. D.I.]..... Be racist ata boon 2 3052 
41-13. 
Kafir, Blackhull, Sa oe a eer Gupta Micatengiennd 2 30844 
24975 322 
Milo, White, Cyd 365 ee er MD cs tielssraranme x cutee I 31743 
KafirXDurra, C. I. XGB= Lis ess ARE eT Serpe I 3215 
15-3. 
Feterita, C. I. 282... «..<|.000. | RE ny Pa OAT I 32344 
DAO, 3... 1. GHQBO. ..0 05 ole oo ce RE sts i evois dene eee I 32444 
Durra, wae, 8. Ps Tels. Osis esisaadostners cs I 3272 
24997. | 
Milo, Dwarf, S. P. I. |..... “Re aye ne ce ee 21 34443 
24970. 
puden gram, S. P. I. |.0..; Ost cx wees atederts 1} 467+9 
25071. 
Corn: 
Esperanza. : ca Sin ea SAIS eae Ce ee 2 31543 
China W eee eee NCKI 455 065 a0ebeeuee I 32542 
Indian Flint. Dp se cndvextuasecka I 34245 
China White X Hopi. : eek mem Se hccina palsies Acai oeritols I 34543 
SMO arse caicnic se kessiscs ee Ol cearsckeeneeteny 6 2 36146 
Chine White KL AgUNa.$..).05. Osvecrvercsaciecevess I 37645 |) 368 
Northwestern Dent....... Fs avete rere 3 37747 
RGU 5 56a vis.05506605.04 ayer. ES A eer I 38448 
Bloody Butcher. ........J..s0% Maw 55 Bic aiienide cates I 405+7 
Iowa Silvermine......... are BO sisGeascecanensees 2 407+5 
CRRA WEE... sks cc eden ees Moras Faves vere nesacen 2 413+5 
Teosinte: 
ACID, TANILG DC PORIIIOE ok li sissies sevens edie b¥eav snes I 37644 8 
POURS Kika ask saciscnsnets Euchlaena mexicana..... I 390411 \ 3°3 
Wheat: 
Turkey, C. I. 1571.........| Triticum aestivum........ I 473£8 
i ae Ie) ee A ea rr: I 47548 
Kubanka, C. I. 1440....... Triticum durum. ......... 3 49244 
Galgalos, C. I. 2398. . .| Triticum aestivum........ I 496+4 513 
Emmer, C. I. 2951. ..| Triticum dicoccum........ 2 5457 
Spring Ghirka, Cc “ 1517. Triticum aestivum........ 2 55043 
Marvel Bluestem, C. I. 3082 shane eee 2 5594 
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TABLE XXXIV.—Summary of water-requirement determinations at Akron, Colo., in 


IQII, 1912, and 1913, 





Plant, 


Botanical name. 





GRAIN CROpS—continued. 


Barley: 

Hannchen, C. I. 532....... 

Beardless, C..I. 716....... 

Beldi, C. I. 1g0.. 

White Hull-less, C1. 595. - 
BUGEWHOGR esis ci sclervcdccccs 
Oats: 

Canadian, C. I. 444........ 

Swedish Select, C. I. 134. 

Burt, C. I. 293.. dacs 

Sixty- -Day, C. I. ‘165... Peaxaes 
Rye, spring, C. I. 73....... 
Rice, Honduras, Cc. is 1643. 
Flax, North Dakota, No. 155. 


OTHER CROPS. 


Beet, sugar: 
Morrison-grown 
wanzleben. 
Potato: 
Irish Cobbler............. 
ts | 
Crucifers: 
Cabbage, Early Jersey, 
Wakefield. 
Turnip, Purple-top....... 


Klein- 


Cotton Triumph... 
Cucurbits: 
Watermelon, Rocky Ford. . 
Cantaloupe, Rocky Ford. . 
Cucumber, Boston Pickling 
Squash, Hubbard.......... 
Pumpkin, common field. . 
Legumes: 
Cowpea, S. P. I. 29282.. 
Chick-pea, S. P. I. 24322. 
Bean, navy. i 
Bean, Mexican. . 
Bean, soy, S. P. I. 21756.. 
Bean, soy (wild), S. P 


2 138. 
Clover, sweet, S. P. I. 21216 
Pea, Canada field, S. P. I. 


30134. 
Pea, Canada field, S. P. I. 
22637 
Vetch, heley, 8. P. I. 34298) 
Bean, horse, S. P. I. 25645. 
Bean, horse, S. P. I. 15429. 
Vetch, purple, S. P. I. 
18131. 
Clover, red, S. P. I. 348609. 
Clover, crimson, S. P. I 
33742. 





Hordeum distichon........ 
Hordeum vulgare.......... 


Fagopyrum fagopyrum.... 


Avena sativa.............. 


Secale cereale............ 


.| Oryza sativa. 


Linum usitatissimum. ” 


Bete VIGAGIGs isis kiiseicccs 


Brassica oleracea capitata. 


BiQMlen I00@se6 css e00e 
Brassica napus. ........... 


.| Gossypium hirsutum....... 


Citrullus vulgaris. ......... 
CHCHINIS MEIO, 6506060000. 
Cucumis sativa............ 
Cucurbita maxima......... 
Cucurbita pepo............ 


.| Vigna sinensis............ 


Cicer arietinum. ........... 


Phaseolus vulgaris. ........ 


.| Glycine hispida 
CRYGHEG GOR. 08s ice ccs 


Melilotus alba. ............ 
Pisum sativum........... 


WAGES WHIIOOI koi sec ce ce coe 
WIGME MEI coves ccseacces 


Vicia atropurpurea........ 


Trifolium repens. .......... 
Trifolium incarnatum..... 





Num- 
ber 
of ob- 
serva- 
tions. 


Years. 


me NH WH 


eH HWW ND 


i on oe oe | 


ee ee Oe 


based on the production of dry matter—Continued 


Water requirement. 














Of species or — 
variety. | gets 
5024 
53447 
542+3 | 534 
550+2 | 
57813 | 578 

| 
55948 | 
59444 | 
61343 |f 597 
622+9 
685+7 | 685 
FIO+15 710 
go525 995 
397 £6 397 
5549 } 
7i7tit1 | 636 
539£7 | 
639431 | ” 
74347 | 
646+11 646 
6oo+15 600 
621427 i 
7IZz+i1 | Bes 
74818 i ¥4 
834417 | 791 
57143 | 571 
663418 | 663 
682+4 i 7 
77348 |f 77° 
672+9 i ‘ 
8ista2s5 |f 744 





797 
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Akron, Colo., in 
matter—Continued 











oii. Water requirement. 
Plant B ical Pb. - 
Plant. otanical name, 
a serve- Of species or | — 
tions. variety. genus. 
OTHER CROpS—continued. | 
Legumes—Continued. Years. 
Alfalfa, Peruvian, S. P. I. | Medicago sativa.......... I 651412 | 
30203 
Alfalfa ‘Grimm, yee: he a ee sc eee cans 2 844+8 | 
E-23-20-52 | 83 
Alfalfa, yellow- -flowered.. | Medicago falcata.......... I 865+18 | 
Alfalfa, Grimm, S. P. I. | Medicago sativa.....°...... 2 963+9 | 
25695. 

Grasses: 
Wheat-grass...............| Agropyron cristatum. ..... Ij} 705+27 86 
oc! ee Bromus inermis. I | 1,016+26 . 

NATIVE PLANTS. | 

POMBO WEEE 6 6550 oss ccc wes Amaranthus graecizans.... 1} 2774 28 

Ene ere. Amaranthus retroflexus. . | 2| 29744 7 

RMI tec ccnncee eels tone Portulaca oleracea........ I 292411 292 

Oo Bulbilis dactyloides. ..... .| I 30817 308 

Thistle, Rus#ian...............] SAlsols PEStTeP, ........... I 336045 336 

——— “= ven Bulbilis dactyloides. ...... } 

Grass, buffalo and grama...... Saeetteee gracilis........ —_ 389 +12 389 

Cocklebur.....................| Xanthium commune... I 432413 432 

GPMONORTN Si 535105 ::058 038 0c0:8 aye sces Grindelia squarrosa....... I 608 +23 608 

Sage, mountain................] Artemisia frigida.......... I 616418 616 

Sunflower (Akron)............ Helianthus petiolaris....... I 774420 

Sunflower (sand — 5 alec a iene Gece wakac-cssiies I 57O+11 683 

Sunflower. . coves of) SROMOHERUS GNIS. ...... I 705+8 

Lamb’s- quarters. Biaierelessiere stench Chenopodium album...... I 80r+41 801 

Marigold, fetid................] Boebera papposa........ I 881+26 881 

Ragweed, western............ Ambrosia artemisifolia..... I 948+ 66 948 

Wheat-grass, western. ...... Agropyron Smithii. ... 1 | 1,076+29 | 1,076 























The results given in the summary table (Table XXXIV) therefore 
represent the water requirement of the plants for years similar to 1911 
and 1913, when grown in a screened inclosure, which reduces the solar 
radiation to 80 per cent of its normal value. According to measurements 
made with wheat, alfalfa, and cocklebur, the removal of the inclosure 
would increase the water requirement as given in the table by 25 per 
cent. The plants grown outside the inclosure were isolated and freely 
exposed, while plants under field conditions mutually protect and shade 
one another to some extent. Comparison with wheat plants grown in 









pots sunk in trenches indicates that the inclosure measurements, at 
least in the case of wheat, are less than 10 per cent below the water 
requirement of plants exposed under field conditions. 

The measurements in Table XXXIV represent the relative water 
requirement of the different plants tested, subject to the limitations 
The 








imposed by the difference in the growth period of the plants. 

















Oct. 15, 1914 Water Requirement of Plants 61 
measurements in 1912 would also indicate that the character of the 
season influences the water requirement of some plants more than 
others. For this reason, where the results of two or more years have 
been combined in the table, the probable error has been confined to the 
errors of experiment and does not include the fluctuations in water re- 
quirement due to the season. 

In order to facilitate comparison, the plants have been arranged 
under three main heads: Grain crops, other crops, and native plants. 
Under “Grain crops’’ are also included certain sorghums and millets 
which are usually grown for forage. Under the heading “Other crops” 
are included principally the legumes, cucurbits, crucifers, sugar beets, 
cotton, and potatoes, as well as some of the introduced grasses. Under 
the heading “Native plants’ are listed indigenous species, as well as 
certain introduced species which have become thoroughly established. 

The grain crops fall rather naturally into two sections: Those of low 
water requirement—proso, millet, sorghum, and corn—and those of high 
water requirement—wheat, barley, oats, rye, and flax. The plants with 
a comparatively low water requirement are late-maturing crops, which 
make their best growth during the hottest and driest portion of the 
summer. The plants having a comparatively high water requirement 
mature during midsummer and make their best growth during the earlier, 
cooler period of the year. The range in water requirement of the first 
group is from 261 for Kursk millet to 468 for Sudan grass, while the 
range in the second group is from 473 for Turkey wheat to go5 for flax. 

Representing the water requiremcnt of proso as 1, the water require- 
ment of the grain crops is as follows: Millet, 1.06; sorghum, 1.10; corn, 
1.26; teosinte, 1.34; wheat, 1.76; barley, 1.83; buckwheat, 1.98; oats, 
2.04; rye, 2.34; rice, 2.42; and flax, 3.38. In other words, flax requires 
more than three times as much water and rice more than twice as much 
water as proso and millet in producing a pound of dry matter. 

In the second group sugar beet ranks first, having a water requirement 
almost as low as corn. Potato ranks next, followed by crucifers, cucur- 
bits, legumes, and grasses, in order. A wide range is shown in each of 
these families. The groups as a whole show a range somewhat less than 
the grain groups. 

Representing the water requirement of sugar beet as 1, the values for 
the “Other crops,’ exclusive of the legumes, are as follows: Cabbage, 
1.36; Irish Cobbler potato, 1.39; watermelon, 1.51; cantaloupe, 1.57; tur- 
nip, 1.60; cotton, 1.63; cucumber, 1.80; wheat-grass, 1.85; rape, 1.87; 
squash, 1.89; pumpkin, 2.10; and brome-grass, 2.56. 

The cowpea was the most efficient of the legumes. Representing its 
water requirement by 1, that of the other legumes is as follows: Peruvian 
alfalfa, 1.14; chick-pea, 1.16; soy bean, 1.18; navy bean, 1.20; hairy 
vetch, 1.21; sweet clover, 1.35; Mexican bean, 1.35; horse bean, 1.36; 
red clover, 1.38; Canada field pea, 1.38; crimson clover, 1.41; wild soy 
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bean, 1.42; select Grimm alfalfa, 1.48; yellow-flowered alfalfa, 1.51; 
purple vetch, 1.64; and unselected Grimm alfalfa, 1.69. 

The native plants show a range in water requirement greater even 
than the cultivated crops. Amaranths, buffalo and grama grasses, 
purslane, and Russian thistle have a low water requirement and com- 
pare favorably with millet and sorghum, while sunflower, fetid marigold, 
western ragweed, and western wheat-grass have a high water requirement 
about equal to that of alfalfa. 

Representing the water requirement of tumbleweed (Amaranthus 
graecizans) as unity, the water requirement of these native plants is as 
follows: Purslane, 1.05; pigweed, 1.07; buffalo grass, 1.11; Russian 
thistle, 1.21; buffalo and grama grasses, 1.40; cocklebur, 1.56; gumweed, 
2.20; mountain sage, 2.22; sunflower, 2.56;:narrow-leaved sunflower, 
2.80; lamb’s-quarters, 2.89; fetid marigold, 3.18; western ragweed, 3.42; 
western wheat-grass, 3.89. 

Varieties of the same crop often differ widely in water requirement. 
In the case of barley, the variety having the highest water requirement 
was 8 per cent above the lowest; oats, 11 per cent; wheat, 18 per cent; 
proso, 27 per cent; corn, 31 per cent; vetch, 35 per cent; alfalfa, 48 per 
cent; sorghum, 60 per cent; and millet, 70 per cent. This wide range 
in water requirement among the varieties of many crops encourages the 
belief that strains may yet be secured which are still more efficient in the 
use of water than those now grown in dry-land regions. 
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PLATE I 


Fig. 1.—General view of the plant inclosure used at Akron, Colo., showing the pipe 
framework covered with a hail screen, with the board base surmounted by a single 
width of cheesecloth to protect the plants against high winds. Photographed on July 
15, 1912. 

Fig. 2.—General view inside the inclosure, showing the arrangement of pots and 


general conditions of growth. Corn and sorghums are shown in the foreground, small 
grain in the background. Photographed on July 3, ror12. 

Fig. 3.—General view of the inclosure photographed shortly after the grain in some 
of the pots had been harvested. Photographed on September 4, 1912. 
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PLATE II 


Fig. 1.—Pot planted with sugar beets, showing the wax seal around the plants and 
also the sealed holes where stand was not perfect. 

Fig. 2.—Weighing pots, showing spring balance, weighing support, and general pro- 
cedure. Two men operate the weighing support, one of whom lifts the pot by means 
of a windlass, while a third reads the balance and records the weight. By this method 
weighings can be made at the rate of two per minute. 

Fig. 3.—Grindelia squarrosa (gumweed) at left (pot 164), and Artemisia frigida 
(mountain sage) at right (pot 167), illustrating the growth of native plants used in the 
water-requirement measurements. Photographed on July 29, 1912. Water require- 
ment of Grindelia, 4682-18; of Artemisia, 4744-14. 
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PLATE III 


Fig. 1.—Kubanka wheat (pots 1 to 6), grown May 9 to September 3, 1912. Photo- 
graphed on July 19, 1912. Water requirement, 394-+7. 

Fig. 2.—White Hull-less barley (pots 103 to 108), grown May 16 to August 12, 1912. 
Photographed on July 19, 1912. Water requirement, 439-+1. 

Fig. 3.—Kubanka wheat (pots 12 to 18). Set grown outside of shelter, May 9 to 


August 31, 1912. Photographed on July 26, 1912. Water requirement 507-413. 

Fig. 4.—Emmer (pots 61 to 66), grown May 11 to August 12, 1912. Photographed on 
July 19, 1912. Water requirement, 428+-3. 

Fig. 5.—Swedish Select oats (pots 85 to 90), grown May 17 to August 23, 1912. Pho. 
tographed on July 26, 1912. Water requirement, 423-+5. 

Fig. 6.—Kharkov wheat (pots 37 to 42), grown April 27 to August 28, 1912. Photo- 
graphed on July 29, 1912. Water requirement, 365-6. 
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PLATE IV 


Fig. 1.—Northwestern Dent corn (pots 277 to 282), grown June 9 to September 16, 
1912. Photographed on September 6, 1912. The lower leaves were picked off as 
they became dry and placed in bags attached to the pots, thus avoiding loss of dry 
matter. Water requirement, 280+ 10. 

Fig. 2.—Hopi corn (pots 295 to 300), grown June 12 to September 26, 1912. Pho- 
tographed on September 9, 1912. The lower leaves were picked off as they became 
dry and placed in bags attached to the pots. Water requirement, 285+7. 

Fig. 3.—White durra (pots 235 to 240), grown June 9 to September 26, 1912. Pho- 
tographed on September 6, 1912. The lower leaves were removed as soon as they 
became dry and placed in bags attached to the pots. Water requirement, 255+3. 

Fig. 4.—Red Amber sorghum (pots 253 to 258), grown June 29 to September 27, 
1912. Photographed on September 7, 1912. Water requirement, 237+4. 

Fig. 5.—Minnesota Amber sorghum (pots 247 to 252), grown June 9 to September 26, 
1912. Photographed on September 9, 1912. Water requirement, 239-+2. 





PLATE V 


Fig. 1.—Sudan grass (pots 211 to 216). First crop, grown May 28 to July 26, rgra2. 
Photographed on July 25, 1912. Water requirement, 312+3. 

Fig. 2.—Voronezh proso (pots 199 to 204), grown June 5 to August 20, 1912. Pho- 
tographed on July 29, 1912. Water requirement, 206+1. 

Fig. 3.—Kursk millet (pots 205 to 210), grown June g to August 20, 1912. Pho- 


tographed on July 30, 1912. Water requirement, 187+2. 

Fig. 4.—Select Grimm alfalfa (pots 139 to 144), grown in the open, May 24 to July 
27,1912. Photographed on July 26, 1912. Water requirement, 745+22. 

Fig. 5.—Select Grimm alfalfa (pots 133 to 138), grown in the shelter, May 24 to 
July 26, 1912. Photographed on July 26, 1912. Water requirement, 600+17. 
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Water Requirement of Plants PLATE VI 
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PLATE VI 


Fig. 1.—Cowpea (pots 151 to 156), grown June 17 to August 26, 1913. Photographed 
on July 26, 1913. Water requirement, 571+3. 

Fig. 2.—Hairy vetch (pots 181 to 186), grown May 29 to July 18, 1913. Photographed 
on July 17, 1913. Water requirement, 672+9. 

Fig. 3.—Soy bean (pots 193 to 198), grown June 1 to August 26, 1913. Photographed 
on July 26, 1913. Water requirement, 690+8. 

Fig. 4.—Cantaloupe (pots 325 to 330), grown June 14 to September 13, 1913. Pho- 
tographed in place on July 26, 1913. Water requirement, 778+ 34. 

Fig. 5.—Indian Flint corn (pots 253 to 258), grown June 7 to August 27, 1913. 
Photographed on July 26, 1913. Water requirement, 342+ 5. 

Fig. 6.—McCormick potato (pots 121 to 126), grown June 5 to October 4, 1913. 
Photographed on July 26, 1913. Water requirement, 71711. 





PLATE VII 


Fig. 1.—Ttiumph cotton in shelter (pots 163 to 168), grown May 29 to September 
16, 1913. Photographed on September 15, 1913. Water requirement, 657-11. 

Fig. 2.—Boebera papposa, grown July 25 to September 17, 1913. Photographed 
on September 15, 1913. Water requirement, 881426. Helianthus petiolaris in back- 


gtound. 
Fig. 3.—Rice in shelter (pots 157 to 162), grown June 12 to September 16, 1913. 


Photographed on September 15, 1913. Water requirement, 744+17. 

Fig. 4.—General view of the shelter, showing emmer at the left and White Hull-less 
barley at the right. Photographed on July 3, 1912. 

Fig. 5.—General view in the shelter, showing corn in the foreground. Photographed 
on September 6, 1912. 
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HEART-ROT OF OAKS AND POPLARS CAUSED BY 
POLYPORUS DRYOPHILUS 


By GrorcE G. Hepccock, Pathologist, and W. H. Lone, Forest Pathologist, Investi- 
gations in Forest Pathology, Bureau of Plant Industry 


INTRODUCTION 


The oaks (Quercus spp.) of the United States are diseased by a number 
of species of fungi which attack the heartwood. Von Schrenk and Spauld- 
ing (1909)! briefly described some of these diseases and also a piped rot 
of the heartwood of oaks and chestnuts (Castanea dentata) the cause of 
which was unknown to them. In 1909, the senior writer found Polyporus 
dryophilus constantly associated with a whitish piped rot of several spe- 
cies of oaks in the southwestern and western United States. This rot was 
much like that described by Von Schrenk and Spaulding and was identical 
with that of specimens in oak collected by them. Later observations by 
the senior writer established the causal relation of Polyporus dryophilus 
to this piped rot. 

The junior writer in 1913 found a second form of piped rot caused by 
Polyporus pilotae in the heart-wood of the root and basal portion of the 
trunks of oaks and also in chestnuts. This was identical with the rot in 
chestnut trees figured and collected by Von Schrenk and Spaulding. 

The oaks of the southwestern and western United States are not used 
to any extent for lumber and timbers and are, as a rule, valuable only for 
fuel. This is due to the rotted condition of the heartwood in the larger 
and older trees. For example, the trunks of the valley oak (Quercus 
lobata),? which attains a large size in the valleys of central California, are 
usually either badly decayed or hollow and are of no value except for the 
poor grade of fuel they furnish. The senior writer in 1909 ascertained 
that Polyporus dryophilus was the chief cause of the deterioration of the 
oaks of the western United States. Meinecke (1914) reports a destruc- 
tive heart-rot of oaks caused by this fungus in California and Nevada, 
and data by him will be cited in the section on the distribution of the 
fungus. In Arizona and New Mexico the oaks are diseased in the heart- 
wood nearly as badly as in California and Oregon, and P. dryophilus is the 
common cause of decay. In these States oaks are usually small and are 
valuable only for fuel. 

In Texas and the adjacent States of Oklahoma and Arkansas the 
piped rot produced by this fungus is very common, and among other 





1 Bibliographic citations in parentheses refer to ‘‘ Literature cited, ’’ p. 77. 
2 The nomenclature for trees used in this paper is that of George B. Sudworth (1898). 
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species the valuable white oak (Quercus alba) is commonly attacked. 
To the east and north the fungus has been found less frequently, but it 
occurs in many sections. 

From observations and estimates Polyporus dryophilus ranks with the 
most common heart-rotting fungi which attack the oaks. In 1912 the 
senior writer found aspens (Populus tremuloides) in Colorado attacked by 
this fungus. It apparently is not commonly found on this host. 


PIPED ROT CAUSED BY POLYPORUS DRYOPHILUS 


The whitish piped rot caused by Polyporus dryophilus has been found 
by the writers to be directly associated with the sporophores of this fungus 
in the following 15 species of trees: Quercus alba, Q. arizonica, Q. californica, 
Q. digitata, Q. emoryti, Q. gambelii, QO. garryana, Q. marilandica, QO. minor, 
QO. prinoides, Q. prinus, Q. texana, Q. velutina, Q. virginiana, and Populus 
tremuloides. 

PIPED ROT IN THE WHITE OAK 


MACROSCOPIC CHARACTERS 


The first indication of the whitish piped rot in white oak is a discolora- 
tion of the heartwood, which assumes a water-soaked appearance (PI. VIII, 
fig. 1). This ‘soak’ may extend from 1 to 10 feet beyond the actually 
rotting region where delignification is occurring. When dry, this water- 
soaked heartwood becomes hazel to tawny in color. The next stage of 
the rot is one of delignification, which usually begins alongside of and fol- 
lowing more or less regularly the medullary rays, thus producing a mottled 
appearance of the wood in radial view (Pl. VIII, figs. 2,5,and 6). This 
type of the rot is very common in the medium-sized branches (6 to 12 
inches in diameter) and in the early stages of the disease in the bole of the 
tree. In final stages the diseased wood is firm, has a white, stringy ap- 
pearance (PI. VIII, figs. 3 and 4) and consists of white cellulose strands of 
delignified wood fibers and other wood structures bounded by areas of 
apparently sound but actually slightly diseased and discolored heartwood. 
Cinnamon-brown areas are scattered throughout the oldest rotted wood 
(Pl. VIII, fig. 3). These areas are especially common and abundant in the 
vicinity of sporophores and along checks or openings through the sap- 
wood. The rot immediately adjacent to a sporophore is therefore often 
cinnamon brown to russet in color. No cavities large enough to be seen 
by the naked eye are produced by this rot, but much of the white cellulose 
is finally absorbed, leaving minute irregular cavities in the wood. 


MICROSCOPIC CHARACTERS 


Delignification usually begins in the wood fibers lying next to the vessels 
in the spring wood and adjacent to the large medullary rays. ‘The sol- 
vents secreted by this fungus apparently are able to delignify all of the 














Oct. 15, 1914 Heart-Rot of Oaks and Poplars 67 








elements of the wood. All, or only the outer rows, of cells of the large 
medullary rays may be delignified, the middle lamelle dissolved, and the 
completely delignified cell membranes partially absorbed. 

Isolated areas between the large medullary rays may also be delignified. 
The cells of some of the medullary rays and of the wood parenchyma 
often contain starch grains even after the absorption of a portion of the 
inclosing cell walls. A ferruginous substance is also present in many of 
the cells of the small medullary rays, in the lumen of the wood fibers, 
and even in some of the other wood structures. Many of the vessels 
adjacent to each large medullary ray contain hyaline branching hyphz 
0.5 to 1#in diameter. The association of the delignified areas with the 
medullary rays is readily seen in a cross section of the wood where 
delignification is just beginning, but later in the more advanced stages 
of the rot this association is not so evident when the delignification of 
the wood fibers has become general throughout the rotting area. The 
early absorption of portions of the delignified tissue prevents the forma- 
tion of long continuous strands of cellulose fibers, although in a tangential 
view irregular white lines may be seen which consist of fragments of the 
delignified cells (P]. VIII, fig.5). In very advanced stages of the rot near 
the center of the tree white longitudinal lines are seen in a radial view 
(Pl. VIII, fig. 4). These usually consist of remnants of partially absorbed 
cellulose fibers bound together by strands of white mycelium, which 
also fill the vessels and the minute cavities left by the absorption of the 
delignified tissue. 

PIPED ROT IN CHESTNUT OAK 


The rot produced by Polyporus dryophalus in the chestnut oak (Quercus 
prinus) is slightly different from that in white oak. The diseased wood 
is hazel in color, with very narrow concentric zones of ivory-yellow 
cellulose. These zones are adjacent to the large spring vessels of each 
year and consist of the delignified wood fibers of this tissue. The large 
vessels in radial-longitudinal view are seen, even under a hand lens, to be 
filled with cobwebby strands of colorless hyphe. It is in the tissue 
adjacent to such hyphe-filled vessels where the delignification is most 
pronounced. 


PIPED ROT IN THE WESTERN OAKS 


The rot caused by Polyporus dryophilus in these oaks differs but little 
from that found in the white oak. The mottled appearance of the rot 
in its earlier stages is not so pronounced. In the final stage of the rot, 
after a very large proportion of all the elements is delignified, there is 
but little apparently sound heartwood. In the older rot in the center 
of the heartwood the white color by far exceeds the brown, of which 
there is very little. 
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PIPED ROT IN EUROPEAN OAKS 


Robert Hartig (1878), in his epoch-making work on the true nature 
of the rots of woods, described a whitish heart-rot of the oak, which he 
attributed to Polyporus dryadeus. A careful study of Hartig’s figures, 
and the description of the sporophore which he found associated with 
the white heart-rot so accurately described by him, is sufficient to con- 
vince anyone who is familiar with the true P. dryadeus that Hartig’s 
fungus was not P. dryadeus. It is undoubtedly identical with the 
heart-rotting fungus known in America as P. dryophilus and found by 
the senior author to be associated with a whitish piped rot in oak. 
Through the kindness of Dr. Von Tubeuf the junior writer obtained a 
piece of the original rot (Pl. VIII, figs. 7 and 8) which Robert Hartig (1878) 
ascribed to P. dryadeus. <A careful study of this specimen showed that 
it is identical in every respect with the rot produced by P. dryophilus 
in the white oak. There is also another European specimen (PI. VIII, 
fig. 9) of this rot in oak in the Laboratory of Forest Pathology, of the 
Department of Agriculture, which has all the characters of the rot pro- 
duced by P. dryophilus. 


CHARACTERS OF PIPED ROT COMMON TO ALL SPECIES OF OAKS 


The rots produced by Polyporus dryophilus in all the species of oak 
examined had the following characters in common: (1) A water-soaked 
discolored area in the first stage (PI. VIII, fig. 1); (2) a general association 
of the earlier delignification with the medullary rays (Pl. VIII, figs. 5 
and 6); (3) later a more general delignification of all the wood fibers 
(Pl. VIII, fig. 3); (4) the formation of white mycelial longitudinal lines 
(Pl. VIII, fig. 4); (5) the presence of cinnamon-brown areas in the older 
rotted wood (Pl. VIII, fig. 3). These brown patches, ranging from 2 by 4 
mm. up to 10 by 35 mm. in size, consist of fragments of wood interwoven 
with ferruginous, thick-walled, septate hyphz, which easily break into 
short pieces. The hyphz are about 3 thick, have many short (3 to 8) 
branches, and are mixed with various sizes of hyphz down to rp or less 
in diameter, the smaller of which are hyaline. 





HEART-ROT PRODUCED BY POLYPORUS DRYOPHILUS IN ASPEN 





The description of the heart-rot which follows was made from the 
diseased wood of a dead aspen (Populus tremuloides) bearing the sporo- 
phores of Polyporus dryophilus. 


MACROSCOPIC CHARACTERS 


The general color of the diseased wood varies from a light buff to a 
maize yellow. In a cross section the rotted wood shows alternating 
concentric zones of light buff and ochraceous tawny. The light-colored 
zones consist of the vessels and wood fibers which have been the most 
vigorously attacked by the solvents of the fungus. The ochraceous- 
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tawny zones consist of vessels, cells of wood parenchyma, and other 
elements of the wood in the cells of which a ferruginous amorphous 
substance has been deposited. These cells are not as strongly attacked 
by the fungus as are those of the light zones. The rotted wood easily 
splits into concentric layers, the cleavage usually occurring along the 
boundary between the white and dark zones. In a tangential view, 
small, more or less isolated areas of delignified wood fibers may be seen. 
These delignified fibers are most abundant in the older, rotted portion. 
In the vicinity of the sporophores the typical cinnamon-brown areas 
seen in the oak are also present. The rotted wood is soft, almost silky 
to the touch, is very light in weight, and is easily broken into fragments 
between the fingers. 
MICROSCOPIC CHARACTERS 


The vessels in the light-colored zone have very thin walls, owing to 
the action of the fungus; the bordered pits are often eroded until only 
large irregularly shaped holes are left and the middle lamella of the 
vessels and of the wood fibers in this region are dissolved. The wood 
fibers and some of the adjacent cells are finally delignified and absorbed. 
The delignification occurs most rapidly along the boundary lines between 
the light-colored and dark-colored zones, along which the cleavage com- 
monly occurs. The small amount of delignified fibers present and their 
rather rapid absorption prevent the formation of the large areas of white 
cellulose which are so common in the rot produced by this fungus in oak. 
In the zone of cleavage cobwebby masses of white mycelium occur which 
fill the vessels and the small cavities left by the absorption of the wood 
fibers. The medullary rays are readily attacked by the solvents of this 
fungus and usually have completely disappeared by the time the final 
stage of the rot is reached. 


ENTRANCE OF THE ROT IN THE HOST 


Polyporus dryophilus, so far as known to the writers, gains entrance in 
the wood of the host trees only through wounds in which the heartwood 
is exposed. The most common point of entrance is a broken or dead 
limb, although in the western and southwestern United States it also 
frequently enters through fire scars and other basal wounds. 

In Arkansas and eastward, where the species of oaks differ from those 
in the West and Southwest, the rot caused by this fungus is apparently 
confined chiefly to the branches and upper portion of the trunk. This 
may be due to the fact that often there are one or more large dead branches 
in the crown of the tree, while there are very few on the lower part of the 
trunk. The fungus has therefore little or no opportunity to enter the 
bole of the tree below the crown. 

When the fungus enters the stub of a broken limb, it grows downward 
through heartwood of the stub till it enters the trunk, when it spreads 
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both upward and downward through the heart of the tree. When it 
enters near the base of the tree, it sometimes spreads upward throughout 
the heart of the entire trunk. This occasionally was noted in the white 
oak in Arkansas, and such trees were worthless for lumber. 

In Oklahoma and to the west oaks frequently have large dead branches 
at any point on the trunk of the tree. Through these the fungus may 
enter. The rot therefore is not confined as closely to the upper half of 
the trees as it is in the oaks of Arkansas and to the east. Probably 50 
per cent of the western oaks attacked by this fungus have the rot through- 
out the entire trunk. 

The sporophores of Polyporus dryophilus when growing on oak are 
usually found only on living trees; however, specimens have been col- 
lected growing on the boles and large branches of trees which had been 
cut for at least three years, and in one instance a sporophore was found 
growing directly on the top of an old oak stump. The fungus apparently 
continues to grow slowly in the infected trees after they have been cut, 
but rarely fruits under such conditions. There is no evidence at hand 
concerning the possibility of infection by P. dryophilus after the death of 
the tree. 

In no instance in Arkansas has the junior writer found this fungus 
entering a tree through fire scars or other wounds on the butt of oaks, 
even where fire scars were common. The rot always originated at some 
point above the base of the tree, and if a tree was found in which the rot 
had reached the collar of the tree it came from above and not from below. 
All of the sporophores of this fungus found on specimens of Populus were 
growing on dead or dying trees. In this case the fungus is able to fruit 
abundantly on both living and dead trees. 

This fungus on Populus seems to be truly parasitic, to some extent at 
least. It attacks the trunks of the trees chiefly, entering the heartwood 
through dead limbs after they are broken off. The trees die by either 
breaking off or in some cases apparently from the direct effect of the fun- 
gus, which attacks the sapwood when the disease becomes far advanced. 

Several instances were found in oak where the fungus had apparently 
penetrated and killed small areas of the sapwood and formed its sporo- 
phores at these points. 

No positive evidence was found indicative of the age of the fungus in 
either oaks or poplars or of its rate of growth in the infected tree. Appar- 
ently trees of all ages are susceptible to this rot, provided the branches 
are old enough to have formed heartwood. 


SPOROPHORE OF POLYPORUS DRYOPHILUS 


Polyporus dryophilus has a hard, granular, sandstone-like core, a 
character that is unique and not possessed by any other polypore known 
to the writers. The sporophore of this plant, represented by numerous 
specimens collected by the writers in various portions of the United 
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and 4) exactly as figured and described by Hartig (1878) in case of his 
P. dryadeus. This core extends back some distance into the tree in 
oaks; it is usually irregularly cylindrical while in the tree, but on its 
emergence from the tree it swells into a tuberous or spheroid mass and 
finally occupies the central and rear part of the sporophore (Pls. IX, fig. 2, 
and X, fig. 6). If the sporophore is formed from a large branch hole, 
it is usually of the applanate type, with a small core, but when the sporo- 
phore forms directly on the body of the tree, as it usually does, the shape 
is tuberous, unguliform, or even subglobular (Pl. IX, figs. 2 and 4), with 
the bulk of the sporophore composed of hard, granular core. This core 
usually has white mycelial strands (Pl. IX, fig. 4). The sporophore of 
P. dryophilus, therefore, has normally three distinct kinds of structures 
(Pl. X, fig. 4): (1) The hard, granular core; (2) the fibrous layer which 
surrounds this core except at the rear; (3) the laver of tubes on the lower 
surface. Specimens are often found, however, especially from the 
western part of the United States, in which this fibrous layer may be 
entirely absent between the tubes and the granular core (PI. IX, fig. 4). 

Polyporus dryophilus is known in Europe under at least five different 
names: Polyporus fulvus Fries, P. jriesiti Bresadola, and P. corruscans 
Fries for the form on oak, and P. vulpinus Fries and P. rheades Persoon 
for the form on poplar. The identity of P. dryophilus with the P. cor- 
ruscans Fries (Pl. X, fig. 4) and with P. rheades Persoon is based on the 
specimens of these plants found in the Lloyd Herbarium at Cincinnati, 
Ohio. If these specimens are correctly determined, then the American 
plant is identical with the European plants named above. Authentic 
specimens of the form of P. dryophilus found on species of Populus were 
seen by the junior writer at the New York Botanical Gardens in collec- 
tions from Finland and Sweden and also from Maine. In the Lloyd Her- 
barium at Cincinnati, Ohio, are collections under the name of P. rheades 
on Populus tremula from Sweden (PI. X, fig. 3) and Denmark, and a 
collection from Austria on Quercus dex. Inthe Cryptogamic Herbarium of 
Harvard University there is a collection on Populus grandidentata Michx. 
from New Hampshire, while in the Laboratory of Forest Pathology there 
is a fine collection on Populus tremuloides Michx. (PI. X, figs. 1, 2, and 5) 
from near Steamboat Springs, Colo. 

This fungus on Populus agrees in all essential characters with the form 
of Polyporus dryophilus found on oak. The sporophores are, however, 
somewhat smaller than those usually found on oak and approach the 
applanate type (Pl. X, figs. 1 and 2). The hard granular core is always 
present, but is formed between the sapwood and bark (PI. X, fig. 4), as 
the fungus is able to rot the sapwood, as well as the heart of this host. It 
therefore does not have to depend on branch holes or other openings 
through the sapwood in order to form its sporophores as it does in the 


oak. 


States, in every instance shows this hard granular core (Pl. IX, figs. 2 
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DESCRIPTION OF THE SPOROPHORE OF POLYPORUS DRYOPHILUS 


Pileus thick, unequal, smooth to irregular nodulose, often convex below, unguliform 
(Pl. IX, fig. 5), subglobose (Pl. IX, fig. 1) or even applanate (Pl. X, fig. 1), simple or 
rarely subimbricate (Pl. X, figs. 2 and 5), rigid, 4 to 22 cm. broad by 3 to 13 cm. wide 
(measured from front to rear of sporophore) by 2.5 to 21 cm. thick (measured from pore 
surface to top of sporophore); surface at first densely tomentose, becoming scabrous to 
smooth with age; tomentum rather stiff, deciduous, short, maize yellow to ferruginous; 
surface of weathered sporophores after the tomentum has partially disappeared, zonate, 
zones several, narrow, extending entirely around the pileus near its margin (Pl. IX, 
fig. 3); margin in immature specimens thick, usually obtuse (Pls. IX, figs. 1 and 5, and 
X, figs. 1 and 2), concolorous or slightly pallid, entire or undulate; context dual, con- 
sisting of a hard granular core, surrounded except in the rear by a thin fibrous layer; 
core subglobose to pulvinate, 3 to 10 cm. thick, ferruginous to cinnamon brown, gran- 
ular, often with white mycelial strands ramifying through it (Pl. IX, fig. 2); fibrous 
layer on upper surface of core a mere pellicle about 0.5 mm. thick, expanding in mature 
specimens into a border (Pl. IX, fig. 4) 1 to 3 em. wide and 5 to 15 mm. thick; fibrous 
layer between tubes and core thin, 1 to 15 mm., usually not over 6 to 8 mm., fibrous 
layer zonate, concolorous; tubes slender, concolorous or slightly paler than core in 
some specimens, rather fragile in age, 5 mm. to 3.5 cm. long, shorter near margin of 
sporophore, usually about 1 cm. long; mouths regular when young, but becoming 
somewhat irregular and angular at maturity (Pls. IX, fig. 6, and X, fig. 8), twoor three to 
amm., glistening, grayish when young, becoming hazel to russet with age, edges thin; 
spores broadly oval, smooth, ferruginous, 4.8 to 8 by 3.4 to 6.4, average size 6.54 by 
4.85. when on oak (Pl. IX, fig. 6), 4.8 to 6.4 by 3.4 to 5.6", average size 5.82 by 4.o5p 
when on poplar (PI. X, fig. 8); cystidia none; hyphe ferruginous, 4 to 6u. The 
sporophores found on oak in Arkansas and in the eastern portion of the United States 
often have shorter tubes (Pl. IX, fig. 4), slightly smaller spores, and a more applanate 
pileus than those found in the Western States (Pl. IX, fig. 2). 


DISTRIBUTION OF POLYPORUS DRYOPHILUS 


The rot caused by Polyporus dryophilus is very widely distributed in 
the United States, having been found in 23 States: Arizona, Arkansas, 
California, Colorado, Illinois, Kansas, Louisiana, Maine, Maryland, Mis- 
sissippi, Missouri, Nebraska, New Hampshire, New Mexico, New York, 
North Carolina, Ohio, Oklahoma, Oregon, Pennsylvania, Tennessee, 
Texas, and Wisconsin. Authentic specimens of the fungus have also 
been examined from the following foreign countries: Austria, Denmark, 
Finland, France, Germany, and Sweden. ‘The sporophores of the fungus 
are frequent and the rot caused by the fungus is exceedingly common in 
New Mexico, Arizona, and California. 


DISTRIBUTION IN EUROPE 


Polyporus dryophilus is known to occur in Europe as follows, the junior writer 
having examined authentic specimens: 
GERMANY (?): 
On Quercus sp. (F. P. 12404)’. 








1“ FB, P,”’=Forest-Pathology Investigations number. 
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GERMANY: 

On Quercus sp.—ROBERT Hartic (from Herb. Von Tubeuf); Preimrrer (Herb. 
N. Y. Bot. Gard.), part of the type specimen for Polyporus friesii; Berlin, Luoyp 
(Herb. Lloyd). 

AUSTRIA: 

On Quercus ilex.—Travnik, Rev. E. BRAnpis (No. 08864, Herb. Lloyd). 
DENMARK: 

On Populus (?) sp.—J. Linp (No. 06339, Herb. Lloyd). 

FINLAND: 

On Populus sp.—Murtiala, Sept., 1882 (No. 5724, Herb. N. Y. Bot. Gard.). 
SWEDEN: 

On Quercus robur.—Stockholm, RoMELL, Oct., 1903 (Herb. N. Y. Bot. Gard.), and 
a second specimen, collector unknown (Herb. N. Y. Bot. Gard.). 

On Quercus sp.—Upsala, Luoyp (No. 08936, Herb. Lloyd); Stockholm, RomMELL (No. 
08936, Herb. Lloyd). 

On Populus tremula.—Stockholm, RoMELL, June 25, 1905 (Herb. N. Y. Bot. Gard.), 
and a second specimen, MuRRILL (Herb. N. Y. Bot. Gard.); Stockholm, HAGELUND 
(No. 08985, Herb. Lloyd). 

On Populus sp.—HAGELUND (No. 09375, Herb. Lloyd); Stockholm, RomeEtt (No. 
08414, Herb. Lloyd). 

FRANCE: 

On Pinus (?) sp.—Fontainebleau, P. Hariot (No. 08880, Herb. Lloyd); this speci- 
men from France was reported as on pine, and has spores similar in size and shape to 
those growing on species of Populus and a sporophore much like those found on species 
of Quercus. 


DISTRIBUTION IN UNITED STATES 


Polyporus dryophilus has been reported from and collected in the various States of 
this country as follows: 
MAINE: 

On Populus iremuloides.—Piscataquis Co., MURRILL, in 1905 (Herb. No. rgor, N. Y. 
Bot. Gard.). 

On Betula (?) sp.—Near Moosehead Lake, Von ScuRENK, in 1899 (Herb. N. Y. 
Bot. Gard.). 

NEW HAMPSHIRE: 

On Populus grandidentata.—Chocorua, FARLOW (?), in 1904 (Herb. W. G. Farlow). 
NEw York: 

On Quercus alba.—Bronx Park, MuRRILL, in 1908 (F. P. 1416). 

PENNSYLVANIA: 

On Quercus (?) sp.—Kittanning, SuMSTINE 32 (Herb. N. Y. Bot. Gard.). 
MARYLAND: 

On Quercus alba, Q. coccinea, and Q. minor.—Takoma Park, HEDGCOCK, in r9gro. 
Ou10: 

On Quercus (?) sp.—M. A. Curtis, “Ex. Berkeley’’ (Herb. W. G. Farlow); Preston 
(?), A. P. MorGAN, in 1887 (Herb. N. Y. Bot. Gard.); Preston, A. P. MorGAN (0508); 
and Akron, C. D. SmitH (07556, Herb. Lloyd). 

VIRGINIA: 

On Quercus prinus.—Elkins, Lone, in 1913 (F. P. 12418). 

On Quercus (?) sp.—Falls Church, LuTTRELL, in 1902 (Herb. N. Y. Bot. Gard.), 
NortH CAROLINA: 

On Quercus prinus.—Brim, Lonc. 

On Quercus velutina.—Jonesboro, P. L. BuTrrick, in 1913 (F. P. 15045). 
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TENNESSEE: 

On Quercus alba and Q. velutina.—Roan Mountain, HEpccocK, in 1913. 
MISSISSIPPI: 

On Quercus lyrata.—Sand Point, Hepccock, in 1908. 

LoulisIANA: 

On Quercus lyrata, Q. marilandica, Q. michauxti, and Q. phellos.—Near Bogalusa, 
HEDGCOCK, in 1908. 
MISSOURI: 

On Quercus alba.—Mountain Grove, HEpGcocK. 

On Quercus imbricaria.—Near St. Louis, J. N. GLADFELTER (No. 1214, Herb. Mo. 
Bot. Gard.). 

On Quercus marilandica.—Steelville, SpeauLDING; Mountain Grove, HEpGcocK. 

On Quercus minor.—Webster Groves, A. H. GRAVES, in 1909 (F. P. 1617). 

On Quercus palustris—Mountain Grove, HEDGCOcK. 

ILLINOIS: ; 

On Quercus alba.—Near Plymouth, Hepccock, October, 1909. 
WISCONSIN: 

On Populus sp.—Oakfield, in 1903 (Herb. Univ. Wisc.). 

On Quercus macrocarpa.—Rockton, L. H. PAMMEL, in 1886 (Herb. N. Y. Bot. 
Gard.). 

NEBRASKA: 

On Quercus macrocarpa.—Near Nelson, HEpGcocK, in rg1r. 
OKLAHOMA: 

On Quercus alba.—Cache, Lon, in 1912 (F. P. 12407). 

On Quercus marilandica.—Cache, Lone, in 1912 (F. P. 12420). 

On Quercus minor.—Cache, LonG, in 1912 (F. P. 12408, 12416, 12419, 12421). 

On Quercus prinoides.—Cache, Lone, in 1912 (F. P. 12414). 

ARKANSAS: 

On Quercus alba.—TreEat (F. P. 12102), Casteel (Ozark National Forest; F. P. 
12137, 12140, 12142, 12154, 12219, 12243, 12263, 12268, 12296, 124c2, 12403, 12405, 
12406, 12409, 12413, 12425); Bigflat (F. P. 12158, 12156, 12160), LONG, in 1912: Womble 
(F. P. 12413), Cedar Glades (F. P. 12422), LonG, in 1913; Fayetteville and Farmington, 
HEDGCOCK, in 1906. 

On Quercus digitata.—Casteel, LonG, in 1912 (F. P. 12272). 

On Quercus minor.—Whiterock, LonG, in 1912 (F. P. 12240). 

On Quercus texana.—Mountain View, LONG, in 1912 (F. P. 12415). 

On Quercus velutina.—Casteel, LonG, in 1912 (F. P. 12410). 

TEXAS: 

On Quercus marilandica.—Near Boerne, HEDGCOCK, in 1909 (F. P. 760). 

On Quercus minor.—Austin (F. P. 12424) and Denton (F. P. 12423), LONG in 1912. 

On Quercus nigra.—Near Houston, HEpGcock, in 1909. 

On Quercus phellos.—Near Houston and near Boerne, HEDGCOCK, in 1909. 

On Quercus texana.—Near Houston and near Boerne, HEDGCOCK, in 1909 (F. P. 762). 

On Quercus velutina.—Near Boerne, HEDGCOCK, in 1909. 

On Quercus virginiana.—Near Houston and near Boerne, HEpGcocK, in 1909 (F. P. 
320). 

CoLoRADO: 

On Populus itremuloides.—Steamboat Springs, HEpccock, in 1912 (F. P. 3894). 

On Quercus gambelit.—Square Top Mountain (San Juan National Forest; F. P. 9229); 
near Mancos (Montezuma National Forest); southeast of Delta (Uncompahgre National 
Forest); HEDGcocK, in 1912. 

New Mexico: 
On Quercus arizonica.—Pecos, LONG, in 1913 (F. P. 12412). 
On Quercus emoryii.—Mogollon Mountains Hepccock, in rgrt. 
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On Quercus gambelii—Sandia Mountains (Manzano National Forest), Hepccock, in 
1906 (F. P. 126, 230); in 1908 (F. P. 270, 551-553, 558); near Pinos Altos (Gila National 
Forest), HEDGCOCK, in 1909 (F. P. 811, 812); in Alamo National Forest, L. L. JANEs, 
1909 (F. P. 1142); Mogollon Mountains, Bear Creek Canyon, and Trout Creek (Gila 
National Forest), HEpccock and Lone, in 1o11 (F. P. 9837); Cloudcroft, Lone, in 
1g11 (F. P. 12015); Pecos, Lone, in 1912 (F. P. 12426). 

On Quercus oblongifolia.—Near Mogollon, Hepccock, in ror. 

ARIZONA: 

On Quercus arizonica.—ChiricahuaMountains, H. D. BuRRALL, in 1908; near Sedona 
(Coconino National Forest), Hepccock, in 1910; Santa Catalina Mountains, HEepc- 
COCK, in 1911. 

On Quercus chrysolepis—Sedona, HEDGCOCK, in 1910. 

On Quercus emoryit.—Chiricahua Mountains, BurRALL, in 1908; Groom Creek and 
Crown King (Prescott National Forest), HEpGcock, in 1910; Santa Catalina Mountains, 
HEDGCOCK, in 1911. 

On Quercus gambelii—Groom Creek (F. P. 4557), Crown King (F. P. 4877), Sedona 
(F. P. 4941), and near Flagstaff, Hepccock, in 1910; Santa Catalina Mountains, Hepc- 
cock and Lone, in 1911 (F. P. g8or). 

On Quercus hypoleuca.—Near Pinos Altos, HEDGCOCK, in 1909. 

On Quercus oblongifolia.—Groom Creek and Crown King (F. P. 4876) and near 
Sedona, HepcGcock, in 1911; Santa Catalina Mountains, Hepccock, in rorr. 

On Quercus toumeyi.—Santa Catalina Mountains, HEpccock, in rorr. 

CALIFORNIA: 

On Quercus californica.—Scott River Valley (Klamath National Forest), HEpccocx, 
in 1909 (F. P. 1886); near Mirror Lake (Yosemite Park), Clarks (Plumas National 
Forest), North Fork, and O’Neals (Sierra National Forest), MEINECKE, in 1910; near 
El Portal and Yosemite (Yosemite Park), HepGcock and MEINECKE, in 1910 (F. P. 
4794); near Kennett, Hepccock and MEINECKE, in 1911 (F. P. 9649). 

On Quercus chrysolepis.—E1 Portal and Yosemite, HEpccock and MEINECKE, in 1910; 
North Fork (Sierra National Forest), MEINECKE, in 1910. 

On Quercus garryana.—Scotts River and Mount Marble (Klamath National Forest), 
HEpccock, in 1910 (F. P. 1847). 

On Quercus lobata.—Stanford University, C. F. Baker, in 1902 (Herb. Univ. of Wis- 
consin); near Chico, HEpGcock, in 1909; Dobe and Italian Bar (Sierra National 
Forest), MEINECKE, in 1910. 

On Quercus wislizeni.—E1 Portal, Yosemite, and near Raymond, Hepccock, in 
1g10; near Kennett, HEDGCOCK, in 1911. 

On Quercus sp.—Crane Valley (Sierra National Forest), and El Portal, Me1neckeE, in 
IgIo. 

OREGON: 

On Quercus garryana.—Near Mount Hood (Oregon National Forest) and Rogue River 
Valley, Siskyou National Forest), Hepccock, in 1909 (F. P. 1717); near Medford, 
Hepccock, in 1911 (F. P. 9611). 

On Quercus californica.—Rogue River Valley, HEDGcocK, in 1909. 


From the foregoing data the following trees are attacked by the disease 
caused by Polyporus dryophilus: Quercus alba, Q. arizonica, Q. californica, 
Q. chrysolepis, Q. coccinea, Q. digitata, O. emoryti, Q. gambelii, QO. garryana, 
Q. hypoleuca, Q. imbricaria, Q. ilex, Q. lobata, Q. lyrata, QO. macrocarpa, 
Q. marilandica, Q. michauxui, Q. minor, Q. nigra, Q. oblongifolia, Q. palus- 
tris, QO. phellos, Q. prinoides, Q. prinus, Q. robur, QO. texana, Q. velutina, 
Q. virgimana, and Q. wislizeni; Populus grandidentata, P. tremula, and 
P. tremuloides; Betula (?) sp., and Pinus (?) sp. 
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CONTROL OF THE PIPED ROT OF POLYPORUS DRYOPHILUS 


The piped rot caused by Polyporus dryophilus is one of several impor- 
tant heart-rots of oaks in the United States. Suggestions made for 
its control will apply more or less to all of these. So long as oak trees 
are allowed to stand long past maturity in our wood lots and forests, 
heart-rots will continue to be common. The practice of leaving uncut 
in a lumbered area all the badly diseased trees, especially those with 
heart-rot, is radically wrong from the standpoint of proper forest sani- 
tation, for this practice enables heart-rotting fungi to maintain them- 
selves in the forest while the new generation of trees slowly develops and 
attains the age at which they form heartwood and thus become suscep- 
tible to the attacks of heart-rotting fungi. Trees diseased with heart- 
rot ought not to be left for seed trees wherever it is possible to leave 
healthy-ones for this purpose. In hardwood forests it is often not neces- 
sary to leave seed trees, owing to the abundant sprout production, and 
the presence of young trees intermingled among the more mature ones. 

Trees in the wood lot should be inspected annually, and all trees evi- 
dently rotted at the heart should be removed. If the trunk of a tree 
diseased with heart-rot is struck with an axe, it does not ring with a 
clear sound. ‘The presence of the fruiting body of Polyporus dryophilus 
on a tree also is evidence of the presence of the piped rot and of the 
necessity of removing the tree. Sporophores on trees should be removed 
whenever found. 

In large forested areas it is not possible to personally inspect the trees 
every year nor to search the forests annually for sporophores, although 
the present prices of good white-oak lumber nearly justify the expense 
necessary in a system of careful forest sanitation. It will certainly pay 
in lumbering tracts of oak and other valuable hardwoods to cut out all 
unsound or diseased trees, remove the parts that can be used, and burn 
the remainder. Many trees under the present methods of lumbering 
are left standing because they are decayed in the trunk near the butt. 
If cut down, these trees would be found to contain enough lumber to 
pay for the cost of operation. Such a procedure will lead to a better 
and closer utilization of our gradually decreasing supply of hardwood 
lumber, especially of white oak. 

The destruction of all trees that are rotted in the heart in timber sales 
will be a step far in the direction of control for these diseases of timber. 
A new forest grown on areas lumbered with due regard to sanitation 
will be certain to be nearly free from heart-rot. 
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PLATE VIII 


Fig. 1.—Quercus alba; Crescent-shaped “‘soak,”’ the initial stage of the piped rot 
produced by Polyporus dryophilus; from Arkansas. 

Fig. 2.—Quercus alba: A radial view of the rot in a limb, showing delignification; 
from Arkansas. 

Fig. 3.—Quercus oblongifolia: A radial view of rot, showing delignification; from 
Arizona. 

Fig. 4.—Quercus alba: A final stage of the rot, radial view, with more complete 
delignification; from Arkansas. 

Fig. 5.—Quercus alba: A tangential view of the rot, showing delignification in 
pockets; from Arkansas. 

Fig. 6.—Quercus alba: An end view showing a cross section from the same tree as 
the preceding; from Arkansas. 

Fig. 7.—Quercus sp.: A section of oak from Von Tubeuf, sent to the junior writer 
as a specimen of the rot caused by Polyporus dryadeus in Europe. 

Fig. 8.—Quercus sp.: The reverse side of the specimen shown in the preceding. 

Fig. 9.—Quercus sp.: A section of oak from Europe, obtained by Von Schrenk, with 
a piped rot similar to that of Polyporus dryophilus. 
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PLATE IX 


Fig. 1.—A sporophore of Polyporus dryophilus, tuberous form on Quercus gambelii; 
from Arizona. 

Fig. 2.—Sectional view of a sporophore of Polyporus dryophilus on Quercus gambelii, 
showing the hard granular core with whitish mycelial strands; also the pore layer; 
from New Mexico. 

Fig. 3.—A sporophore of Polyporus dryophilus on Quercus californica, showing the 
upper surface with a faint zonation; from California. 

Fig. 4.—A section through a sporophore of Polyporus dryophilus on Quercus garryana, 
showing the structure of the hard granular core; from California. 

Fig. 5.—A front view, showing the margin of the same sporophore as in figure 3, 
representing the ungulate form. 

Fig. 6.—A view of the pore surface of an applanate sporophore of Polyporus dryophi- 
lus on Quercus alba; from Arkansas. 





PLATE X 


Fig. 1.—A sporophore of Polyporus dryophilus, front view showing the margin, on 
Populus tremuloides; from Colorado. 

Fig. 2.—A second sporophore from the same tree as figure 1, showing an imbricated 
form. 

Fig. 3.—A view of the upper surface of a sporophore of Polyporus rheades on Populus 
tremula; from Stockholm, Sweden. 

Fig. 4.—A sectional view of a sporophore of Polyporus corruscans on Quercus; from 
Upsala, Sweden. ; 

Fig. 5.—A side view of an imbricate sporophore of Polyporus dryophilus, applanate 
form on Populus tremuloides; from Colorado. 

Fig. 6.—A sectional view of the same sporophore as in the preceding figure, showing 
the hard granular core and whitish mycelial strands. 

Fig. 7—A view of the upper surface of an applanate sporophore of Polyporus 
dryophilus on Quercus alba; from Arkansas. 

Fig. 8.—The pore surface of a sporophore of Polyporus dryophilus on Populus tremu- 
loides; from Colorado. 





Heart-Rot of Oaks and Poplars PLATE X 






































Journal of Agricultural Research Vol. III, No. 1 








PRELIMINARY AND MINOR PAPERS 





DECOMPOSITION OF SOIL CARBONATES 


By W. H. MacIntire, 


Soil Chemist, Tennessee Agricultural Experiment Station 


Investigations recently conducted at the University of Tennessee 
Agricultural Experiment Station have led to the discovery that the 
composition of soils is such as to make inhibitory any long-continued 
occurrence therein of magnesium carbonate, and the conclusion has been 
drawn that magnesium carbonate does not exist as a solid mineral in 
our humid soils. 

The research has demonstrated that the affinity of magnesia for silica 
s such that soils long since alkaline from excessive treatments of calcium 
carbonate are able to dissipate the CO, of magnesium carbonate under 
sterile, moist conditions. It has been further demonstrated that the 
affinity of magnesia for silica is so great that precipitated magnesium 
carbonate is extensively decomposed by pure SiO, and also by the closely 
allied compound titanium oxid, which occurs almost universally to an 
appreciable extent in soils. 

Analyses to determine residual carbonates at the end of one year 
established the fact that precipitated magnesium carbonate in amounts 
chemically equivalent to 16,070 pounds of CaCO, per acre in excess of 
the quantity indicated by the Veitch method as necessary to correct 
acidity had been entirely decomposed by each of three distinct types of 
unleached soil. A loam, a sandy loam, and a silty loam were used in the 
study. In substantiating the work the loam soil was subjected to eight 
check treatments in field rim experiments. In each of these eight 
instances precipitated MgCO, equivalent to over 15 tons of a good grade 
of limestone per 2,000,000 pounds of soil had entirely disappeared at the 
end of eight weeks, when the first analyses were made for residual car- 
bonates. No drainage took place during this 8-week interval. 

Comparisons between residual carbonates from limestone and dolo- 
mite treatments showed at the end of 9 months’ exposure to weather 
22,000 pounds of CaCO, per 2,000,000 pounds of soil for the limestone 
treatment as compared to 11,000 pounds of CaCO, as a residue from the 
dolomite. 

The investigations have also determined that the absence of carbo- 
nates subsequent to applications of magnesium oxid has been erro- 
neously attributed to persistent causticity of the magnesia, which is 
shown to be very readily converted to the carbonate, while this in turn 
is decomposed by siliceous substances. 

The use of CaCO, as a check has shown that the affinity of lime for 
silica is far greater than has been supposed, and the work has demon- 
strated that the lime-silica reaction in soils is an important factor in the 
conservation of lime applied in practice. While the lime-silica reaction 
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does not approach the magnesia-silica reaction in rapidity, it is shown 
by field data that the lime-silica reaction continues long after the attain- 
ing of alkalinity and that the reaction is extensive. 

Toxicity due to excessive treatments of magnesium carbonate after 
its conversion to silicates was demonstrated by plant growth. 

The progress of the work of the writer and associates is reported in 
detail in Tennessee Experiment Station Bulletin 107. 














A FUNGOUS DISEASE OF HEMP 


By VERA K. CHARLES, Assistant Mycologist, and ANNA E. JENKINS, Scientific Assistant, 
Office of Pathological Collections and Inspection Work, Bureau of Plant Industry 


In September, 1913, the attention of the Office of Pathological Col- 
lections and Inspection Work was called to a fungous disease which had 
attacked a variety of hemp (Cannabis sativa) grown for experimental 
purposes by Mr. L. H. Dewey, Botanist in Charge of Fiber-Plant Investi- 
gations. Although the disease did not make its appearance until the 
plants were almost full grown, it was very rapid in its action, only about 
two weeks having elapsed between the time that the disease was first 
noted and the death of many of the plants. One of the early symptoms 
of the disease was the wilting and drooping of the leaves. The foliage 
turned brown and finally died, but remained attached to the plant longer 
than in the normal condition. In nearly all instances the fungus first 
attacked the outer ends of some of the upper, though rarely the highest, 
branches of the plant. In some cases the branches above and below the 
diseased area remained uninjured for some time. It was observed that 
the disease spread more above than below, but that the affection of the 
plant became general in about two weeks. Although the disease ap- 
peared to attack the outer ends of the branches first, the main stem below 
the base of the diseased branch became bleached and afterwards dark- 
ened by the formation of the perithecia of the fungus (Pl. XI).! 

The hemp was grown from seed originally introduced from China, 
having been grown for experimental purposes during a period of 10 years. 
Its cultivation had been generally successful, and until the season of 1913 
no difficulty had been experienced from fungus attack. 

All of the plants in the plots in which the disease was most serious were 
from the seed of one single selected plant, the third best of the crop of 
1912. This plant showed no evidence of disease and was remarkable 
for its purple-colored foliage. Selections had been continuous for 10 
generations without any admixture of other strains. Three or four 
plants of this plot which were especially precocious were marked as soon 
as it was observed that they were pistillate, and each one of these plants 
was attacked by the disease. So general was the attack that among the 
135 pistillate plants of this plot 128 were destroyed by the fungus, 
representing a loss of about 95 per cent of this plot. Later the disease 
appeared in a larger plot of 320 and in less than four weeks 66% per cent 
of the plants had been attacked. 

A microscopic examination of the first diseased material collected on 
September 12, 1913, revealed the presence of small, black pycnidia, 
containing minute, hyaline spores on branched conidiophores. These 
characters, together with the absence of stroma, placed the fungus in the 
genus Dendrophoma. (Fig. 1, E and F.) This appears to be the first 
occurrence of the fungus in America. A second examination of the dis- 
eased hemp about three weeks later showed pycnidia containing spores 





1 Most of the field observations were made by Mr. L. H. Dewey, who mentions the occurrence of this 
disease in an article entitled ‘‘Hemp”’ in the Yearbook, U. S. Dept. of Agriculture, for 1913, p. 283-346, fig. 
17-21, pl. 40-46. 1914. 
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characteristic of the genus Macrophoma (fig. 1, D). At the same date 
an immature ascomycete was observed on material which had been 
allowed to remain on the ground. The final collection on November 3 
showed an ascomycetous fungus present in large amounts on the hemp 
which had been spread for dewretting, while the two other spore forms 
were absent, or present only in negligible amounts, having matured before 
the development of the ascospores. The asci were borne in perithecia 
similar in appearance to the pycnidia of the two other forms (fig. 1, B). 





Fic. 1.—Microscopic characters of the hemp fungus Botryosphaeria marconii. A, Sketch of a section of 
stroma from culture, showing developing perithecia: a, microconidial stage, b, ascosporic stage, X 840. " 
An ascus with ascospores, X 840. C, Ascospores, X 840. D, Macroconidia, X 840. E, Conidiophores of 
the Dendrophoma stage, X 1920. F, Microconidia, X 1920. (Drawing by J. Marion Shull.) 


The spores were hyaline to slightly colored, nonseptate, and fusoid 
(fig. 1, C). A probable connection between these three forms suggested 
itself to the authors, and cultures were started to prove, if possible, that 
these stages are different phases in the life history of one fungus. The 
spores of the Dendrophoma form are designated as microconidia and 
those of the Macrophoma stage as macroconidia. 

Cultures were made on various media, but as the fungus developed 
luxuriantly and rapidly upon corn meal, that medium was adopted for 
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the cultural work. The fungus developed in the same sequence as in 
nature, the Dendrophoma stage appearing first, regardless as to whether 
the cultures were made from microconidia, macroconidia, or ascospores. 
Sections of the pycnidia made at a later date demonstrated that the 
development of the macroconidia followed the microconidia in the same 
pycnidium. In sections made at a still later date asci were found develop- 
ing in the same locule with the mature macroconidia. The three spore 
forms of the fungus as developed in culture agreed perfectly in character 
with those found in nature. The variations observed in size and shape 
of macroconidia and shape of the asci were also exhibited by the fungus 
in nature. The one notable difference, however, was in the stronger 
development of stroma in the cultures. Since the Dendrophoma spores 
and the Macrophoma spores developed in the same pycnidia, the macro- 
conidia and ascospores in the same perithecia, and all three forms in the 
same stroma, it is definitely proved that these three forms represent the 
different stages in the life history of one fungus (fig. 1, A). 

From the critical microscopical study of the Dendrophoma stage of this 
fungus in nature and in culture it is shown to be morphologically identical 
with a specimen of Dendrophoma marconii described by Cavara in Italy 
in 1887.1 No stroma is produced as the fungus occurs on the host, 
although a well-developed stroma is produced in culture. This stromatic 
development is suggestive of the genus Dothiorella, but it is not a constant 
character, and as the fungus agrees so closely with Cavara’s description 
of Dendrophoma on hemp,? the authors consider these two forms to be 
identical. 

During the course of the microscopic study of Dr. Cavara’s material a 
second type of spore was found which corresponded exactly with the 
macrospores discussed in this paper. No mention of these was made in 
Dr, Cavara’s paper, however, and the writers were unable to determine 
whether or not they had been observed by him. 

Among the few fungi described on hemp and related genera no species 
were found possessing the characters of the perfect stage of the fungus 
here discussed. In 1831 a fungus was observed by Schweinitz on hemp, 
and was called by him Sphaeria cannabis Schw.* This species is of histor- 
ical interest only, for the description is too meager to be of any taxonomic 
value. The characters of the ascosporic stage place the fungus in the 
genus Botryosphaeria as defined by Saccardo.* As the imperfect stage of 
this fungus is considered identical with the first described form, Dendro- 
phoma marconu Cav., the specific name is retained and the fungus is 
designated Botryosphaeria marconit (Cav.) Charles and Jenkins. 


Botryosphaeria marconii (Cav.) Charles and Jenkins. 


Perithecia globose, perforate, diseased area pale olive buff to gray, 140 to 160 nin 
diameter; basidia bearing microconidia mostly dichotomously branched, septate, 
hyaline; microconidia polymorphic, ovate, elliptical, or terete, continuous, hyaline, 
4 to 5% by 1% to 2; macroconidia fusiform or ellipsoid, continuous, hyaline to glau- 
cous, 16 to 18 by 5 to 6; basidia of macroconidia slender, generally 12 to 15 » in 
length; asci clavate, 8-spored, 80 to 90 by 13 to 15 #; paraphyses filiform; spores 
fusoid, hyaline to pale eo grape green, 16 to 18 by 7 to8y. Microconidia, macro- 
conidia, and asci produced in the same perithecium. On Cannabis sativa. 





! Briosi, Giovanni, and Cavara, Fridiano. I Funghi Parassiti delle Piante Coltivate od Utili. no 20. 
Pavia, 1887. Exsiccate. 

2 Cavara, Fridiano. Appunti di patologia vegetale (alcuni funghi parassiti di piante coltivate.) Jn Atti 
Ist. Bot. Univ. Pavia, [s. 2], v. 1, p. 426. 1888. 

3Schweinitz, L. D. von. Synopsis fungorum in America boreali media degentium secundum observa- 
tiones. Jn Trans. Amer. Phil. Soc., n.s., V. 4, D. 222, M0. 1741. 1834. 

Saccardo, P. A. Sylloge Fungorum ... v.2,p.432. Patavii, 1383. 

4Saccardo, P. A. Sylloge Fungorum .. . v.1,p. 456. Patavii, 1882. 
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In view of the serious nature of the disease and its sudden appearance 
in America it has seemed best to present this preliminary paper. The 
true parasitic nature of the fungus was evident from its effect on the 
growing plants, but its parasitism was further demonstrated by the suc- 
cessful isolation of the fungus from the interior tissue of thoroughly disin- 
fected stems. Owing to limited time and opportunity for extensive field 
observations, many questions relating to the pathological phase of the 
subject remain unsolved. Problems pertaining to the method of infec- 
tion by the fungus, its manner of dissemination, and control measures for 
the disease are still subjects of investigation by the Office of Pathological 
Collections and Inspection Work. 


PLATE XI 
A hemp plant, showing upper branches attacked by the fungus Botryosphaeria 
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Fungous Disease of Hemp PLATE XI 
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A MORE ACCURATE METHOD OF COMPARING FIRST- 
GENERATION MAIZE HYBRIDS WITH THEIR PARENTS 


By G. N. Co.uins, 


Botanist, Office of Acclimatization and Adaptation of Crop Plants, 
Bureau of Plant Industry 


INTRODUCTION 


That the crossing of two distinct varieties of maize usually results 
in an increase of vigor and larger yields in the first, or F,, generation 
has come to be generally recognized. The amount of the increase, how- 
ever, varies greatly in different hybrids, and in many cases the increase 
is not large enough to be determined by ordinary experimental methods, 
if it exists at all. 

So far as known, no case has been reported where a decrease below 
the mean yield of the parents has been adequately demonstrated. It 
is highly desirable to know the conditions under which significant in- 
creases occur, but thus far little light has been thrown on this important 
point. If really incompatible varieties exist, a study of their behavior 
in hybrid combinations should afford a favorable opportunity to learn 
something regarding the conditions necessary for large increases. One 
serious obstacle to learning the factors involved in the increased yields 
of first-generation hybrids is the difficulty of accurately comparing the 
vigor and yield of a hybrid with that of the parent varieties. 

Hybrids in maize are made either by hand pollination between indi- 
vidual plants or by planting in alternate rows the varieties to be hybrid- 
ized and removing the tassels from all the plants of one of the varieties. 

The customary method of comparing the behavior of a hybrid with 
its parents is to plant the hybrid seed in rows or blocks alternating with 
similar areas planted with the seed of the parents. If the series is re- 
peated a sufficient number of times, reliable averages may be obtained, 
but in actual practice the number of repetitions is usually limited by 
lack of seed or space." 

In making a comparison between a hybrid and its parents where the 
hybrid is made by planting the varieties in alternate rows, the question 
arises as to what seed will best represent the parents. If the original 
seed of the parent varieties is used, it will be one year older than the 
hybrid seed, and the uncertain element of deterioration with age is in- 
troduced.? By saving the seed from the plants used as a source of pollen 
in making the hybrid, fresh seed of the male parent can be secured, but 
if fresh seed of the female parent is obtained, it must be grown at some 
distance from the place where the hybrid is made. To use seed grown 
under different conditions introduces an element of uncertainty that 





1In experiments with maize extending over a number of years in many different localities, we have 
found that with rows roo feet long and the series repeated ro times, it has seldom been possible to detect 
with assurance differences in yield of less than 10 per cent. 

2 For a discussion of this point, see Hartley, C. P., Brown, E. B., Kyle, C. H., and Zook, L.L. Cross- 
breeding corn, U. S. Dept. Agr., Bur. Plant Indus. Bul. 218, p. 13-16, 1912. One and two-year-old seed 
of selection No. 119a, the variety used as male parent in the Maryland experiments, occurred side by side 
42 times. The average superiority of the new seed was 7 + 1.3 per cent. 
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may be as serious as that incurred by the use of old seed. If the condi- 
tions of growth where the pure seed is produced are more favorable 
than those under which the hybrid seed is produced, natural selection 
will be less rigorous. ‘There is also the possibility of direct effect of en- 
vironment on the yielding power of the seed and the possibility of new- 
place effect. 

A further disturbing factor lies in the differences between the indi- 
vidual plants that produce the hybrid seed and those producing the pure 
seed which is to represent the parental varieties. When seed from a 
large number of plants is used, these differences tend to counterbalance 
each other and give an average of value for practical purposes, but in- 
formation which might extend our knowledge regarding the nature and 
causes of the increase may be completely obscured by this method of 
averaging. 

Some of these difficulties can be avoided if the hybrid seed is obtained 
by hand pollination. By this means seed of both parent varieties of the 
same age as the hybrid seed and grown under similar conditions can be 
secured. Inaccuracies due to diversity among individual plants will, 
however, be increased, since the number of plants involved will necessa- 
rily be smaller, and, as before, differences in the behavior of individual 
crosses which might throw light on the nature of the increases will be 
masked if conclusions are based upon averages. To avoid this last diffi- 
culty, the individual hybrid ears may be kept separate and an ear-to-row 
method of making comparisons with the parents may be applied. 

Differences in the breeding value of individuals are now appreciated in 
the breeding of pure strains and have led to the adoption of the method of 
separating the offspring of individuals into progeny rows. The results 
here reported show a diversity among the hybrid ears that result from 
crossing different plants of the same parent varieties that is even greater 
than that usually found between pure seed ears of a single variety, and 
the evidence indicates that individual diversity in hybrids will be found 
as important as in pure varieties. 

In comparing an individual maize hybrid with its parents account must 
be taken of the fact that to behave normally maize must be cross-polli- 
nated, and to secure cross-pollinated seed of the parent varieties two 
plants of each variety must be used, but only one plant of each variety 
can be represented in an individual hybrid ear. To avoid in some 
measure these sources of inaccuracy the method followed in the experi- 
ments here described is suggested. 


DESCRIPTION OF METHOD 


To compare the behavior of two varieties, which may be called A and B, 
with that of a hybrid between them, two plants were selected in each 
variety, Ar and A2 in the one variety and Br and B2 in the other variety. 
The following hand pollinations were made: Ar X A2, A2X B1, B1 X Ba, 
and B2XA1. The result is two hybrid earsand one cross-pollinated ear of 
each variety. It is believed that the mean yield produced by seed from 
the two hybrid ears compared with the mean yield produced by seed from 
the two pure seed ears gives a fair measure of the effects of hybridization. 
By making two hybrids involving all the plants used in producing the 
pure seed ears individual differences that affect the yielding power of the 
pure seed ears are similarly represented in the hybrids. Thus, in both the 
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parents and the hybrids the average yield represents the mean yielding 
power of the four parent plants, the only difference being the way in which 
the individuals are combined. 

To secure the most accurate comparison of the yield of the four ears, 
one seed from each of the ears was planted in each hill. The different 
kinds were identified by their relative position in the hill. ‘To place the 
seeds accurately, a board 4 inches square was provided with a small, 
pointed peg 2 inches long at each corner. These pegs were forced into 
the soil at each hill, making four holes, one for each of the four kinds, 
only one seed being planted ina hole. The board was always placed with 
two sides of the board parallel to the row. It was necessary to exercise 
extreme care in dropping the seeds to avoid changing the position of the 
kinds. The best way to obviate mistakes of this kind is to make all the 
holes of a row in advance and to go down the row with one kind of seed 
at a time. 

At harvest time the seed produced by each plant was weighed and 
recorded separately. All hills that lacked one or more plants were 
excluded and the comparison confined to hills in which all four kinds were 
represented. The method of handling the yields was to determine the 
mean yield of the four kinds in each hill and to state the yield of each of the 
four plants as a percentage of the mean of the hill in which it grew. The 
percentage standing of each kind in all the hills was then averaged to 
secure the final expression of the relative behavior of the four kinds. 

This method of comparison is similar to the ingenious plan originated 
by C. H. Kyle," for use in ear-to-row breeding. Kyle’s method is to plant 
each of the ears to be tested in a separate row and in each hill to plant 
one seed of a standard, or check, ear with which all ears are compared. 
Since comparative and not absolute yields are desired in the study of 
hybrids and with only four kinds to compare, the introduction of a check 
in the present experiment would have increased the space occupied by 
the experiment without lessening the experimental error. 


APPLICATIONS OF METHOD 


The hybrid tested by this method was a cross between the Egyptian, a 
white sweet corn, and the Voorhees Red, a related sweet variety with red 
aleurone? The two hybrids secured in accordance with the foregoing 
method were designated Phg6 and Phg7. ‘The use of the Voorhees Red 
variety as one of the parents made the comparison unusually difficult. 
This variety produces a considerable percentage of albino seedlings, and 
since no albino seedlings reach maturity, the result was a large number of 
hills with less than the full complement of plants. Eighty-four hills were 
planted, but only fifty-eight matured plants of all four kinds. 

The comparative yield of the four kinds is given in Table I. To illus- 
trate the meaning of these determinations, let us take the yield of the 
Egyptian variety. The number 112.8 indicates that the yield of 58 
Egyptian plants averaged 112.8 per cent of the mean yield per plant of 
all four kinds—that is, 12.8 per cent above the mean. 





1 Kyle, C. H. Directions to cooperative corn breeders. U.S. Dept. Agr., Bur. Plant Indus., B. P. I.— 
564, 10 P., TOTO. 

2 The strain of Egyptian corn used in this experiment was from commercial seed secured from J. M. 
Thorburn & Co. in 1911. The original source of the Voorhees Red was an ear kindly supplied by Prof. 
Byron D. Halsted, of the New Jersey State Agricultural Experiment Station, in 1907. 
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The mean of the two parents is 84.2+3.0 per cent of the general yield. 
The mean of the two hybrids is 115.9+3.3 per cent. The mean yield of 
the hybrids is thus 31.7+ 4.5 per cent higher than the mean of the parents, 
and this increase is ascribed to the effects of crossing. 


TABLE I1.—Yield and height of the Egyptian and Voorhees Red varteties of sweet corn 
and two hybrids between them 


[Determinations expressed as average percentages of the mean of the four kinds.] 











Variety of corm. Yield. Height. 

Per cent. Per cent. 
MN 55s a acsias he crnisva Siresguat a OREN ALt OaR PerRd 112.8+4.6] 111.3410 
LS Os aT ee Salar eae PEN Pe aye 55-64+4.0 84.0+ .9 
UAE MNN D555 5c 55.446 0's a Rel oars ey Wo ola eGis pes MOA 89.0+5.1 | 100.0+1.2 
RE STEIN APY soisis'. 6 cieeee a canmpieeniiceawis neste tease ee ays 142.8+4.3 | 103.6+1.1 





A striking feature of the results obtained is the difference between the 
yield of the two hybrid ears, which amounts to 53.8+ 6.7 per cent. Had 
the ear Phg6 alone been taken as representing a hybrid between these 
varieties, the hybrid would have exceeded the average of the parents by 
only 4.8 per cent, a difference upon which no reliance could be placed. 
If, on the other hand, the ear Phg7 had been taken, the difference in favor 
of the hybrid would have appeared as 58.6 per cent. 

The relative height of the four kinds was determined in the same 
manner as the yield—that is, the height of each plant was compared 
with the mean height of all the plants of the hill in which it grew, the 
latter being taken as 100. The average heights expressed in this way 
are given in column 2, Table I. 

The average height of the parents is 97.6+0.7 per cent of the general 
mean. ‘That of the hybrids is 101.8+0.8 per cent. The difference is 
4.2+1.1 per cent. There is, then, a distinct increase in the height of 
plants as a result of crossing, but the increase is much less than the 
increase in yield, and the difference between the two hybrids is much 
less than was the case with the yield. 

It has usually been found that the increase that follows crossing affects 
the vegetative characters even more than the reproductive. If height 
be taken as an index of vegetative vigor, the reverse would seem to be 
true in the present cross. 

Increased vegetative vigor may have resulted in an increase of the 
branches rather than of the main stalk. To definitely settle this point, 
it would have been necessary to weigh or measure all of the suckers. 
This was not done, but the number of suckers was recorded for each of 
the kinds, and the difference, though small, indicates that a part of the 
increased vegetative vigor of the hybrids was expressed in the production 
of suckers. A total of 18 suckers was produced in the two pure-seed 
rows, while 35 were produced in the two hybrid rows. The association 
between vegetative vigor and yield is further shown by the fact that the 
hybrid Phg7 exceeded the hybrid Phg6 both in yield and in the produc- 
tion of suckers. It should be borne in mind, however, that an increased 
yield and an increased production of branches may not always be thus 
associated. It is to be expected that under some conditions excessive 
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branching may result in a decreased yield. Hence, if some hybrids show 
reduced vields, this fact alone should not be taken as proving an excep- 
tion to the general rule that the first generation of a hybrid shows 
increased vigor. 

The method of comparison here used brings the plants into close com- 
petition, and it may be urged that the differences between the kinds are 
as a result unduly accentuated. With a view to detecting a possible 
effect of competition, the yield of the plants in hills with four plants was 
compared with plants of the same varieties in hills with less than four 
plants. 

In Pg, P19, and Phg7 the yield per plant was slightly higher in the 
4-plant hills than in the 3-plant hills. The differences were, however, 
insignificant. In Phg6 the yield of the plants from the 3-plant hills 
exceeded that from the 4-plant hills by 67 grams per plant. The number 
of 3-plant hills was so small, however, that little confidence should be 
placed in the difference, which was but three times the probable error. 

An attempt was made to secure a more accurate comparison by cor- 
recting for the differences in the yield of the different kinds, thus making 
it possible to compare the yield per plant of all the 4-plant hills with that 
of all the 3-plant hills. The average yield per plant in the 4-plant hills 
was 211+7 grams. The average yield of the 3-plant hills was 227+10. 
The difference of 16+12 grams is therefore not significant. 

With such a large experimental error it is of course not impossible 
that the crowding of the plants has a tendency to reduce the yield, but 
if so the difference is too small to be measured by the means employed, 
If crowding operated to accentuate differences, it might also be expected 
to retard the date of flowering. The average number of days to flowering 
was, however, the same in the 4-plant hills and in the hills with less than 
four plants, being 72.4 days in both. Thus there is no evidence that 
the growing of the four kinds close together affects the relative yield of 
the kinds, and when ample space is provided between the hills, viz, 
4 by 5 feet, as in this experiment, it is believed that this source of inac- 
curacy is insignificant. 

The conditions of the experiment here reported constitute a severe test 
of the method of comparison by individual hills. The kinds tested were 
very dissimilar, while the soil of the experiment was unusually uniform. 
The gain in accuracy secured by using the hill as the unit of comparison, 
instead of averaging the yield of all the plants of a kind, may be measured 
by a comparison of the standard deviations or the coefficient of variability 
observed when the yields are compared by the two methods. 

When the yield of each plant was compared with the average of all the 
plants of the same kind, the coefficient of variability was 5.42+0.17. 
When the yield of each plant was compared with mean yield of the hill in 
which it grew the coefficient of variability was 5.05+0.13. There is, 
thus, a slight gain in accuracy, notwithstanding the exceptional uni- 
formity of the soil where the experiment was tried. With less uniform 
soil conditions the advantages secured by making the comparison on the 
basis of individual hills would increase. 

The dates when the first staminate flowers opened and when the first 
silks appeared were recorded for all the plants. The average number of 
days from planting to flowering is shown in Table II. 

60300°—14——-7 
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TABLE II.—Average time from planting to flowering of varieties of maize 





Number of Number of 
Variety. days to first days to first 
pollen. silks. 
MI anes ints aie ee ok Gems eeueeiinin ee en Ne pe tae 73-0+0.1 73-90. 3 
EIN. obo ys a sot Madre ba huwiosaos hbk aman eeee 72.1% .2 77-1+ .3 
SEITE 8. tae a cen \-«.nenew ation wer cee arene iota 72:0 .2 73-S -4 
oN eee er eer rr ee ee 72.5+ .2 73-0 .4 








With respect to the appearance of the staminate flowers the only 
significant difference is the slightly later flowering of the Egyptian variety. 
With respect to the appearance of silks, the Voorhees Red, the low- 
yielding variety, was distinctly later. The average time between the 
opening of staminate flowers and the appearance of silks was less than 
one day in the Egyptian and five days in the Voorhees Red variety. 
Both hybrids were intermediate, with 1.5 and 1.1 days, respectively, 
between the average time of the appearance of pollen and silks. 

A further comparison of the hybrids with their parents with respect to 
minor characters brings to light a number of striking differences. A 
comparison of the characters measured is made in Table ITI. 


Tasie III.—Comparison of minor characters of maize hybrids with their parents 


een Egyptian | Voorhees Hybrid Hybrid | Averageof | Average of 

















maize. Red maize. | Pho6. Pho7. parents. hybrids. 

I ssn sarasi em..J206 +16 [157 +26 (185 +34 |193 +29 | 82 tus 189 +2.2 
Number of suckers. . . +21 .04 -trt -02| «14+ -03 ~48+ .08| «160+ .022 «312+ . 041 
Total number of | | 

eer 17-4 & .13 | 15-8 + .32 | 16.4 + .133 16.8 + «14 | 166 + .o8 16.6 +10 
Exsertion of tassel | | 

ened wake hehe cm..| 43 + -3 492+.-3 | 524.2 35 + -3 46 + .20 44 £4.17 
Length of axis of tas- | | 

ee cm..| 12.7 + .3 16.6 + .3 | 164 +4 .3 14% + .3 | 14.1 + .19 15-2 + .20 
Length of central | | 

> eee cm,..| 21+ .8 | 23.2 + -.8 | 245 +1 29.7 +11 | 25-6 + .58 a7r + 47% 
Number of primary 

branches in tassel. .| 14.4 + .25 | 195 + .32 | 201 + .35) 15-4 + -17] 169 + .28 17-7 +&.22 
Number of secondary | | 

branches in tassel..}) 5 + .1 6a+.2 |] 724.3 @72.2 | 56 +.25 59 + .18 
Length of longest leaf.} 59.3 + -5 | 84 + .8 | 89641 oz 94-7 | 86.6 + .47 | 912 + .62 
Number of nodes | 

above longest leaf..) 5.6 +1.0 45 £1 | 49 £12 §s1tn0 | 5. t-7 5 + .78 
Number of nodes | 

GROVE ERE. ccccsccces| SZ E 8 49 ¢é -4 | 47+ -6 49 + .-6 Sr + .36 48 + .4r 


@ Measured from the top of the uppermost leaf sheath to the lowest tassel branch. ; 
> Measured along the axis from the insertion of the first to the insertion of the last primary tassel branch. 
¢ Measured from insertion of last tassel branch to tip of tassel. 


In all of the characters measured, with the exception of ‘‘ Number of 
nodes above the longest leaf”? and ‘‘Number of nodes above the ear,” 
there was a measurable difference between the two parents. In the 
“‘Number of suckers” and in the four tassel measurements there was also 
a significant difference between the two hybrids. The mean of the 
hybrids shows a close approximation to the mean of the parents in the 
total number of leaves, exsertion of tassel, length of the central spike, 
number of secondary branches, and number of nodes above the ear 
and the longest leaf. The characters in which the hybrid exceeds the 
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parents are for the most part those more closely associated with vigor— 
viz, height, number of suckers, and length of leaf. The differences 
between the two hybrids are such that without exception Phg6 stands 
closer to the Voorhees Red variety and Phg7 closer to the Egyptian 
variety. It is probably a coincidence that in both hybrids the resem- 
blance is to the female parent. 


CONCLUSIONS 


So large a proportion of first-generation maize hybrids have been 
found to give increased yields and the increase is frequently of such 
magnitude that the utilization of this factor of productiveness becomes a 
practical question. It is therefore highly desirable to understand the 
reasons why some crosses give favorable results and others give little or 
no increase over the yield of the parents. A necessary step in this 
direction is to develop a reliable method of measuring the effect of 
crossing, apart from other factors that influence yield. 

The development of satisfactory methods of comparing the yield of 
first-generation hybrids with that of their parents has been retarded by 
(1) a failure to fully appreciate the importance of individual diversity 
in hybrids, (2) the abnormal behavior of self-pollinated maize plants, 
and (3) the difficulty of securing for comparison hybrids and parents 
with identical ancestry. It is believed that the method here described 
avoids these difficulties and affords more accurate means of comparing 
first-generation maize hybrids with their parents. 

The method is illustrated by an experiment in crossing two varieties of 
sweet corn in which it was found that the progeny from one hybrid ear 
yielded nearly double that of the other hybrid ear involved in the experi- 
ment. To have taken either ear alone would have led to entirely erro- 
neous conclusions regarding the increase secured as a result of crossing. 
The increase in yield due to crossing as measured by the method here 
proposed was 31 per cent. 
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